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Biographical  Account  of  {iat^M 

Mr.  Tennant  was  bom  on  tlie  30tli  of  Nkv,  176I.  His  molher, 
■  whose  maiden  name  was  Mary  Daunt,  was  the  daugliter  of  a  surgeon 
of  the  same  town. 

Of  liis  father  little  is  known,  except  that  he  had  been  a  Fellow  of 
St.  John's  College,  Cambridge,  aqd  was.a  friend  of  Dr.  Ruthcr- 
forth,  Regius  Professor  of  Divinity  in  that  Universlly.  He  was 
spoken  of  by  his  son  with  the  most  ageciionate  gratitude  for  the 
care  he  had  bestowed  on  his  education.  To  this  he  appears  to  have 
devoted  himself  from  his  son's  earliest  infancy;  since  he  began  to 
instruct  him  in  Greek  when  he  was  only  five  years  of  age. 

He.  had  the  miifortune  to  lose  his  father  when  he  was  about  nine 
years  old ;  and  some  years  afterwards,  shortly  before  he  attained  the 
age  of  manhood,  ivaa  deprived  also  of  his  molher,  by  a  very  me- 
lancholy accident.  She  was  thrown  from  her  horse,  whilst  riding 
with  her  son,  and  killed  on  the  spot. 

Mr,  Tennant's  education  subsequently  to  his  father's  death  was 
irregular,  and  apparently  somewJiat  neglected.  He  was  sent  suc- 
cessively to  difiercQt  schools  in  Yorkshire,  at  Seorton,  Tadcasier, 
and  Beverley.  He  is  described  by  one  who  recollects  him  at  the 
first  of  these  places  as  being  of  a  grave  and  pensive  cast,  with  the 
appearance  of  being  indolent  and  dispirited,  and  rarely  joining  in 
the  arauaements  of  the  rest  of  the  boys.  Being  an  only  child,  and 
under  little  restraint  when  witii  his  mother,  he  appears  to  have  left 
liome  with  singular  reluctance,  and  to  have  bad  little  enjoyment 
while  at  school.  There  is  reason  indeed  to  believe  that  he  looked 
back  wpon  fhis  period  whh  no  agreeable  recollections,  since  he  very 
seldom  alluded  to  the  events  of  his  early  life;  and  it  is  in  the  re- 
collection of  the  writer  of  this  narrative  that,  on  reading  Mr. 
<3IbfaoD's  Memoirs,  he  entirely  concurred  in  the  protest  which  the 
hbtorian  has  entered  against  the  "  trite  and  lavish  praise  of  the 
bspplness  of  our  boyish  years," 

His  talents  were  not  suspected,  and,  if  they  had  been  known, 
iroutd  scarcely  perhaps  have  been  understood,  by  tiiose  concerned 
with  his  education;  He  appears,  indeed,  to  have  been  little  in- 
debted for  the  eminence  which  he  afterwards  obtained,  to  any  of 
Ma  varioiis'  instructors,  acid  may  be  considered  in  a  great  measure  as 
'Vif-etiaciMd.  This  is  perhf^  more  or  less  true  or  every  person  of 
tKvtlnguIshed  talents  or  vigorous  understanding.  That  it  was  in  a 
temarkable  degree  the  case  of  Mr.  Tennant,  will  be  evident  from 
the  few  anecdotes,  which  are  now  recollected,  of  his  early  life. 
-  He  gave  many  proofs,  while  very  young,  of  a  particular  turn  fur 
chemistry  and  natural  philosophy,  both  by  reading  all  books  of  that 
description  which  (HI  accidentally  in  his  way,  and  making  various 
little  experiments  which  the  perusal  of  such  books  suggested.  His 
firet  experiment  (as  he  has  himself  related)  was  made  at  nine  years 
6f  age,  when  he  prepared  a  quantity  of  gunpowder  for  fire-works 
according  to  directions  contained  in  the  Encyclopedia,  or  some 
other  scientific  book  to  wliicli  he  had  access. 

During  the  time  be  was  at  gchool  at  Ttidcaster,  be  happened  to 
A  .-     ■<    -.-  ■-'- 
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be  pffea^nt  :at  a  public  leetore  giv^  by  ]MLr.  Walker^  formerly  well 
Iwown  m  a  popular  teacher  pf  experimental  pliilosophy.  Altbough 
tikm  very  youAg,  be  pvt  several  pertinent  questioDs  to  tl)e  lecturief 
f e^)epc&Dg  sp^ie  of  the  experimeats,  and  displayed  $o  much  jntel* 
UgWt  !eiftri(y»ty  a«  |q  attract  the  attention  of  th^  audience^  and  givj^ 
great  additional  interest  to  the  lecture.  Mn  Walker,  sei^sible  of 
the  effect  which  the  boy's  presence  had  prodiKed,  requested  that  he 
should  Aontinue  to  attend  his  lectures  durtng  the  remainder  of  thi9 

Fipoa  Tadcaster  Mr.  Tennant  was  removed  to  Beverley,  tbeo 
father  a  eopsideraUe  school,  under  the  care  of  X)r.  George  Crpft^ 
vd¥>jafterwai:ds  obtaii^  ecclesiastical  preftrment  at  Birmingbaiq^ 
and  be«caipe  k«own  as  a  controversial  writer.  j\fr.  Tennant  went 
foiaefrfia^  late  to  Beverley,  and  did  not  readily  enter  mto  tbf 
•tidies  cur  dioeipKne  of  the  place.  But,  although  he  was  singular 
fn  his  habits,  and  led  rather  a  sequestered  life  for  a  school-boy,  he 
van  very  fyr  from  being  idle.  Tbejce  waa  fortunatdy  a  good  library 
beloDgu^g  to  the  schooj,  cotttaining  a  great  collection  of  miscella* 
Bftpva  books,  (to  which  be  devpted  as  much  time  as  wa^  in  his  power. 
His  atudies^  even  at  ihat  early  period,  were  princi|)al1y  directed  to 
irorka  of  oatural  philosophy ;  and  Sir  Isaac  Newton's  Treatise  ^n 
Qpides  was  one  cdT  the  books  which  he  read  wi^h  the  greatest 
eagarnesa. 

About  the  time  of  quitting  schodl  hp  was  very  desirous  of  com* 
{detifig  his  odmeatioii  under  Dr.  Priestley,  wliose  reputation,  im 
eonseqMnencc  et  his  brilliant  pneumatic  discoveries,  was  then  at  it^ 
heijgbt.  His. mother  seems  "to  have  been  disposed  to  gratify  him  in 
tbb  pwrtijcttlar ;  but  ^he  des^  was  found  to  be  impracticable,  in 
fionsequ^ce  of  Dr.  Pcieqtley's  other  engagements. 

With  aupll  ftaates  and  hatuts,  it  cannot  be  supposed  that  Mr.  Tetl- 
OAOt,  at  ilbe  time  of  his  leaving  school,  was  a  very  regular  or  acci>* 
rate  classical  scholar.  Yet  /for  every  really  useful  purpose  he  po^ 
aeilied  the'  ftiU  advantages  of  a  clasejcal  education.  He  had  a 
^tiQpet^nit  knowledge  <^  Greek,  and  was  well  versed  in  the  Lutio 
Jang^ge*  W>bat  was  still  rapre  important,  he  had  acquired  a  stroi^ 
jfeeling,  land  rational  admiration,  of  the-  great  writers  in  those  Ian- 
gjmg^9  Jirbom/be  juatly  regarded  as  the  standards  of  true  taste,  and 
n^odeik  ftf  Ikewy  composition ;  and  he  contmued  during  the 
whole  of  his  life  to  be  a  diligent  reader  of  the  principal  I^atin 
CSasmes. 

bi  Uie.choifieof  a  profession,  his  attention  was  naturally  directed 
to  ihe  i^Hidy  o(  medicine,  as  being  most  nearly  allied  to  his  philo*-. 
sophiaalpiiraui^  He  went  accordingly,  about  the  year  17^1 9  with 
liMit  viw  to  Edinburgh,  where  he  had  the  best  opportunities  of 
grati^jcig  his;  favourite  tasted ;  and  he  had  the  good  fortune  to  meet 
Wfi^  Aft  £Bati:w:tor  in  the  celebrated  Dr.  Black,  well  calculated  to 
atfawilatetmd  direct  his  curiosity. 
.  Of  bis  <CQmp&nions9  studk^,  or  occupations  at  Edinburgh,  no^ 
thing  particular  is  known.    His  stay,  iudeed,  at  i^X  \3\\\N&m\H.: 
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was  of  no  long  continuance;  for  in  October,  1782,  he  was  ad- 
mitted a  Member  of  Christ's  College,  Cambridge,  where  he  began 
from  that  time  to  reside.  He  was  at  first  entered  as  a  Pensioner  ; 
but,  disliking  the  ordinary  discipline  and  routine  of  an  academical 
life,  he  obtained  an  exemjition  from  those  restraints  by  becoming 
shortly  afterwards  a  Fellow  Commoner- 
It  was  at  tliis  period  that  he  bi'gan  to  be  intimately  connected 
with  Sir  Busick  Harwood,  the  late  Professor  of  Anatomy  at  Cam- 
bridge, then  also  a  Fellow  Commoner  of  the  same  College.  During 
a  long  residence  in  the  University,  Professor  Harwood  was  fami- 
liarly known  to  n  very  extensive  circle  of  acquaintance,  by  many  of 
whom  he  was  perhaps  chiefly  valued  for  his  social  and  convivial 
qualities.  He  liad  oiher  merits,  however,  which  were  of  a  much 
higher  order ;  and  at  the  time  when  he  first  became  acquainted  with 
Mr.  T„  there  were  some  circumstances  connected  with  his  history 
and  situation,  which  gave  a  peculiar  interest  to  his  character. 

Sir  B.  Harwood  had  gone  out  early  in  life  to  the  East  Indies, 
where  he  had  obtained  a  competent  fortune  as  a  surgeon ;  but  being 
compelled  by  ill  health  to  return  to  his  native  country,  be  lost,  by  the 
misconduct  of  an  agent,  nearly  the  whole  of  what  he  had  acquired. 
With  the  most  cheerful  and  manly  firmness,  he  began  again  his 
career  of  life ;  and  with  that  view  had  entered  himself  at  Cam- 
bridge al  a  much  more  advanced  age  than  usual,  for  the  purpose  of 
obtaining  a  medical  degree.  His  misfortunes  and  the  spirit  with 
which  he  rose  above  them,  added  to  bis  liberal  and  benevolent  dis- 
position, bis  practical  skill  in  medicine,  his  knowledge  of  anatomy 
and  pliysiology,  and  his  interesting  accounts  of  the  remote  coun- 
tries in  which  he  had  lived,  produced  their  natural  eFTect  upon  an 
ingenuous  and  inquisitive  mind ;  and  although  there  was  a  great 
disparity  in  the  ages  of  Mr.  Tennant  and  Professor  Harwood,  and 
B  considerable  didbrence  in  their  tastes  and  liabiis,  a  cordial  and 
sincere  friendship  was  soon  formed  between  ihem. 

Having  entered  somewhat  late  at  Cambridge,  and  being  des- 
tined for  tlie  medical  profession,  Mr.  Tennant  did  not  pay  any 
great  attention  lo  the  regular  course  of  academical  reading,  or  de- 
vote much  of  his  time  to  the  study  of  mathematics.  He  acquired, 
however,  a  general  knowledge  of  the  elementary  parts  of  that 
■cience,  and  made  himself  master  of  the  most  important  proposi- 
tions in  Newton's  Principia.  But  his  attention  at  this  period  was 
principally  directed  to  chemistry  and  botany  ;  and  it  may  be 
'recorded  as  an  instance  of  his  early  progress  in  the  former  science, 
that  about  the  lime  of  his  residence  at  Cambridge  he  mentioned  to 
some  of  his  friends  the  substance  of  an  experiment  respecting  heat — 
which  he  did  not  make  public  till  more  than  twenty  years  after- 
wards. The  experiment  here  alluded  to  consisted  m  a  mode  of 
ctfecting  a  double  distillation  by  the  same  beat,  in  consequence  of  a 
diminished  pressure  of  the  air;  which  he  communicated  to  the 
Royal  Society  in  1^14,  and  forms  the  subject  of  his  last  paper  pub- 
Ufihed  in  the  Philosophical  Transactions, 
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Tlie  atteotion  of  the  chemical  world  was  at  this  time  principally  : 
CBgaged  by  the  great  controversy  respecting  the  antiphlogistic 
theory,  which  experienced  much  opposition  in  England.  It  may 
perhaps  be  worth  mentioning  that  Mr.  Tennant  entirely  satisfied 
himself  as  to  the  truth  of  this  doctrine,  when  at  Cambridge,  at  a  ' 
very  early  period,  and  long  before  it  obtained  a  general  reception 
in  this  country. 

But  while  engaged  in  these  scientific  pursuits,  he  was  at  the 
same  time  a  very  general  reader  of  all  the  most  interesting  worksin 
polite  literature,  history,  metaphysics,  and  especially  in  political 
economy,  which  was  one  of  his  favourite  studies,  and  on  which 
he  had  already  made  many  just  and  original  observations.     Yet, 
although  he  was   thus  incessantly   employed,   there  was  a  sin- 
gular*air  of  carelessness  and  indifference  in  his  habhs  and  mode  of 
life;   and  his  manners,   appearance,  and  conversation,  were   the 
most  remote  from  those  of  a  professed  student.     His  College  rooms  ^ 
exhibited  a  strange  disorderly  appearance  of  books,   papers,  and 
mplenients  of  chemistry,  piled  up  in  heaps,  or  thrown  in  confusion- 
toother.    He  had  no  fixed  hours  or  established  habits  of  private 
aludy ;  but  his  time  seemed  to  be  at  the  disposal  of  his  friends ; 
and  he  was  always  ready  either  for  books  or  philosophical  experi- 
ments, or  for  the  pleasures  of  literary^  society,  as  inclination  or 
accident  might  determine.     But  the  disadvantages  arising  from; 
these  irregulafr  habits  were  much-  more  than  counterbalanced  by 
extraordinary  powers  of  memory  and  imderstanding ;  and  especially 
by  a  faeulty,  for  which  he  was  remarkable,  of  reading  with  great- 
rapidity,  and  of  collecting  from  books,  by  a  slight  and  cursory  in- 
spection, whatever  was  most  interesting  and  valuable  in  their  con- 
tents. 

It  was  during  Mr.  Tennant's  residence  at  Cambridge  that  his 
priocipal  friendships  were  formed ;  and  the  recollection  of  those^ 
who  best  knew  him,  will  dwell  upon  this  happy  period  of  his  life 
with  a  fond  and  melancholy  pleasure.  His  health  was  then  vigorous, 
his  spirits  were  constant  and  unwearied,  and  his  talents  for  society 
perhaps  vet  more  striking  and  brilliant  than  in  his  after  years.  He 
was  distmguished,  even  at  that  early  period,  by  an  extent  of  infor- 
mation, and  maturity  of  judgment,  which  might  have  seemed  to 
be  the  results  of  a  long  life  of  study  and  reflection ;  and  these  ex- 
traordinary attainments  derived  an  additional  interest,  and  peculiar 
grace,  from  the  simplicity  of  his  manners,  the  playfulness  of  his 
wit,  and  the  careless,  fascinating  beauties  of  his  conversation ! 

The  summer  of  17^  was  employed  by  Mr.  Tennant  in  travel- 
ling into  Denmark  and  Sweden,  partly  to  examine  the  great  mines 
for  which  the  latter  country  is  remarkable,  but  principally  for  the 
purpose  of  visiting  the  celebrated  Scheele,  for  whom  he  had  con- 
ceived a  high  admiration.  He  was  much  gratified  by  what  he  saw 
of  this  very  eminent  person ;  and  was  particularly  struck  with  the 
simplicity  of  the  apparatus  by  which  his  great  experiments  bad  been 
performed.    On  his  return  to  England  he  bad  a  gc^X  ^^^^^aat^  vol 
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showing  to  bis  friends  at  Cambridge  various  mmeralogical  sped- 
mens  with  which  Scheele  had  presented  him,  and  in  exhibiting  to 
them  several  interesting  experiments  which  he  had  learned  ^ntn 
that  philosopher. 

His  next  journey  to  the  Continent,  a  year  or  two  after  hii 
Swedish  expedition,  was  to  Paris,  where  he  became  acquainted  with 
some  of  the  most  considerable  French  chemists.  During  his  stay 
in  that  city  he  was  seized  with  a  dangerous  illness;  in  consequence 
of  which  Professor  Harwood,  with  the  kindest  solicitude,  went  im- 
mediately to  join  liim ;  hut  finding  his  friend  nearly  recovered,  he 
accompanied  him  on  a  tour  through  Holland  and  the  Netherlands, 
previously  to  their  return  to  Cambridge. 

The  latter  of  these  countries,  at  the  time  when  it  was  visited  by 
Mr.  Tennant,  was  in  a  state  of  insurrection  against  the  Emperor 
Joseph  II, ,  and  exhibited  the  singular  spectacle  of  a  higotted  people 
resisting  a  philosophic  tyrant,  and  contending  for  their  ancient  pri- 
^leges  and  establishments  with  the  zeal  and  ardour  of  an  enlight- 
ened nation. — Holland,  then  fi^e  and  prosperous,  presented  a  scene 
still  more  interesting  and  congenial  to  Mr.  Tennant's  feelings.  He 
saw  in  tliat  extraordinary  country  a  striking  illustration  of  his  own 
most  fevourite  opinions.  He  was  gratified  by  the  triumph  of  intel- 
ligent and  persevering  industry  over  the  greatest  physical  ditliculties; 
and  by  the  general  diffusion  of  wealth  and  comfort,  the  natural  eflects 
of  unrestrained  commerce,  and  of  civil  and  religious  liberty. 

Such  were  Mr.  Tennant's  voluntary  pursuits  and  occui»tioQS 
whilst  in  the  prime  and  vigour  of  life,  possessed  of  a  competent 
fortune,  exempt  from  every  species  of  cootroul,  and  left  to  the  sole 
guidance  of  his  own  disposition  and  understanding.  After  his 
mother's  deatli,  which  happened  about  the  time  when  he  went  to 
Edinburgh,  he  had  no  near  relations,  and  seems  from  that  time 
to  have  been  entirely  separated  from  his  family  connections.  His 
college  vacations  (except  when  he  was  travelling)  were  passed  with 
an  intimate  friend  in  North  Wales. 

On  the  13th  of  January,  178^^  he  was  elected,  at  a  remarkably 
early' age,  a  Fellow  of  the  Royal  Society.  Among  the  signatures 
to  his  certificate  of  recommendation  were  those  of  the  most  distin- 
guished members  of  that  body,  who  were  connected  with  the 
University  of  Cambridge;  namely.  Dr.  Waring,  Dr.  Milncr,  Dr. 
John  Jebb,  Dr  Maskelyne,  and  the  Bishop  of  Llandaff.  With 
most  of  these  Mr.  T.  was  well  acquainted;  and  with  Dr.  Milner, 
in  particular,  he  lived  on  terms  of  some  intimacy. 

He  bad  hitherto  continued  to  reside  at  Christ's  College  from  the 
time  of  his  entering  there  in  the  year  1782;  but  Professor  Har- 
*ood  having  for  some  reason  determined  to  quit  that  Society,  Mr. 
Tennant  remtjved  with  him  in  December,  1786,  t«  Emmanuel 
College,  of  which  he  continued  ever  afterwards  to  be  a  member. 
In  the  year  17S8  he  took  his  first  medical  degree  as  Bachelor  of 
Physic,  and  soon  afterwards  quitted  Cambridge,  and  came  to  reiitle 
ia  London,  '      ■•  -  -  ■■  -  ■  ■  j;-,     j    i-,  ..j, hwj 
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In  the  yeir  iJ^Ol  he  communicated  to  th|d  Roy^l  Society  hU 
Anaijnui  of  the  carbobic  acid.  M»  Lavoisier  had  proved  by  decisiv<< 
synthetic  experiitients  that  fixed  air  was  a  eottipound  of  oxygen  and 
chmxoal;  hot  no  one  had  yet  revived  that  gas  into  its  simple 
demtntt.  Mr.  Tennant  observing  that  phosphate  of  lime  was  not 
dttcomposedi  when  heated  with  eharooal^  inferred  that  the  joint 
mttractionai  of  phosphorus  for  cncygen,  and  of  phosphoric  acid  fof 
lime^  exceeded  those  of  charcoal  for  oxygen,  and  of  carbot)ic  acid 
for  lime ;  and  consequently  that  phosphorus  and  heated  marblei 
when  made  to  act  on  each  other,  would  be  resolved  into  phosphate 
«f  lime  and  eiuircoal.  The  correctness  of  this  reasoning  was  fully 
justiQed  by  the  event ;  and  the  result  of  the  experiment  was  not 
merely- the  analysis  of  the  carbonic  acid,  which  wad  the  immediate 
object  of  the  investigation,  but  the  discovery  of  a  new  compound^ 
eoneisting  of  phosphorus  and  lime,  possessed  of  several  curious 
properti^. 

The  ingenuity  and  elegance  of  this  experiment  established  Mr< 
Tennant's  reputation  as  a  chemist ;  and  there  being  at  the  close  of 
that  year  the  prospect  of  a  vacancy  in  the  Jacksonian  Professorship 
at  Cambridge  by  the  resignation  of  Dr.  M ilner,  he  was  prevailed 
upon  by  his  friends  to  become  a  candidate  for  that  situation  ;  but 
desisted  from  the  pursuit  on  finding  that  he  had  no  reasonably 
prospect  of  success. 

In  the  yetir  17^2  he  again  visited  the  Ck)ntinent,  with  the  Inten* 
tion  of  travelling  through  France  to  Italy,  and  arrived  at  Paris  not 
long  before  the  memorable  10th  of  August.  He  hardly  recognized 
some  of  his  old  scientific  friends,  taow  become  Members  of  the 
Liegislative  Assembly,  and  deeply  implicated  in  the  revolutionary 
pofitics  of  the  times.^  From  various  circumstances,  he  anticipated 
some  great  aCid  speedy  convulsion,  and  was  fortunate  enough  to 
quit  Paris  on  the  9th  of  August,  before  the  flame  actually  brok^ 
put. 

Id  passing  through  Switzerland  he  visited  Mr.  Gibbon,  at  Lau- 
tanne,  and  was  much  struck  with  his  powers  of  conversation,  and 
the  sagacity  of  his  remarks  on  the  course  and  progress  of  the 
French  revolution,  and  on  the  probable  issue  of  the  invasion  of 
^*mnee  by  the  allied  armies  under  the  Duke  of  Brunswick. 

In  Italy  be  Was  delighted  with  the  softness  and  beauty  of  the 
/elimate,  and  the  luxuriance  of  the  vegetation,  and  was  astonished 
by  the  wonders  of  ancient  and  modern  art  at  Rome  and  Florence. 
He  had  hitherto  been  somewhat  sceptical  as  to  the  degree  of  merit 
feally  belonging  to  the  great  masters  in  painting,  wlK»e  fame  he 
bad  supposed  to  be  foanded  principally  upon  exaggeration.  But  he 
srai  converted  from  this  error  by  the  great  works  of  Raphael  and 
Coiteggio;  and  of  the  former,  more  especially,  of  these  distin^- 
gmhcd  artists,  he  was  ever  afterwards  a  devoted  and  enthusiastie 
lidiBireF^ 

-    He  mforned  from  Italy  throagh  a  part  of  Germany,  and  was 
SmkIi  Mttused  with  ^le^  mi&tiire  of  science  and  cre^\^  ^\iv(^\i^ 
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found  in  some  of  the  German  chemists.  The  philosopher's  stone 
wa»  spokeo  of  with  respeut ;  and  he  received  from  a  man  of 
science  and  character  an  introduction  to  a  person  who  was  reputed 
to  be  in  posEeHsion  of  that  treasure.  Mr.  Tennant  used  to  relate 
with  his  own  peculiar  humour  the  solemnity  with  which  he  was 
received  by  this  person ;  witli  whom  he  conversed  in  Latin,  and 
who  exhibited  to  him  tht  mysierious  powder,  enlarging  upon  its 
transcendent  qualities  with  much  pomp,  and  in  flowing  and  sono- 
rous peiiuds. 

On  his  return  through  Paris  in  the  latter  end  of  17l''-J,  or  be- 

5 inning  of  17^3,  be  was  deeply  impressed  with  the  gloom  and 
esolaiion  arising  from  the  system  of  tenor  then  beginning  to  pre- 
vail in  ihat  capital ;  a  particular  instance  of  wliich  deserves,  oa 
Bevernl  accounts,  to  be  recorded. 

Amonp  his  philosophical  acquaintance  at  Paris,  there  was  one 
distinguished  by  hi"  simplicity  and  moderation,  of  whose  excellent 
qualities  he  always  expressed  a  high  value.  This  was  M.  Dela- 
metherie,  editor  of  the  Journal  de  Physique.  Upon  calling  at  bis 
house,  Mr.  Tennant  found  the  doors  and  windows  closed,  as  if  the 
owner  was  absent.  Being  at  length  admitted,  he  found  his  friend 
(itting  in  a  back  room,  by  candle-light,  and  with  shutters  closed,  in 
the  middle  of  the  day.  On  his  departure,  after  a  hurried  and 
snxious  conversation,  his  friend  conjured  him  not  to  come  again,  as 
the  knowledge  of  his  being  there  might  be  attended  with  serious 
consequences  to  them  both.  It  should  he  mentioned,  to  the  honour 
of  this  Gentleman,  that  through  all  the  inquishions  of  the  revolu- 
tion he  preserved  for  his  friend  property  of  considerable  value, 
which  Mr.  Tennant  had  entrusted  to  his  care. 

Soon  after  Mr.  T,"s  return  from  the  Continent,  he  took  chambers 
in  tbe  Temple,  which  continued  from  that  time  to  be  his  established 
place  of  residence  ;  and  for  many  years  his  society  was  very  much 
limited  to  a  small  circle  of  friends.  Owing  to  accidental  circum- 
stances, his  early  connections  had  been  much  more  formed  among 
Sludents  of  the  taw  than  among  those  of  the  profession  which  he 
had  originally  designed  to  pursue,  hut  to  which  he  was  gradually 
becoming  more  and  more  tndiSerent.  He  had  not,  however,  as 
yet  abandoned  the  intention  of  practising  medicine  ;  and  for  several 
years  applied  himself  to  the  cultivation  of  the  studies  connected 
with  that  science,  and  attended  regularly  at  some  of  the  principal 
London  hospitals  Of  his  industry  and  perseverance  in  this  course 
sufficient  proofs  exitt  in  the  medical  notes  and  memoranda  now 
found  among  his  papers;  and  it  is  well  known  to  some  of  his 
friends  tliat  he  had  also  read  with  great  atteqiion  most  of  the 
standard  books  in  thai  science.  Among  these  he  always  spoke  of 
tbe  lyorks  of  Sydenham  (with  reference  to  the  age  in  which  they 
were  produced)  in  terras  of  the  highest  admiration.  Curiosity  had 
siso  led  him  to  examine  ihe  principal  medical  writers  of  antiquity, 
whoje  merits  and  defects  he  correctly  appreciated,  and  upon  whom 
he  had  made  many  curious  and  valuable  remarks.    He  tuid  talcen  « 
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ecHDprehensive  view  of  the  origin  and  progress  of  medicine,  and  of 
the  various  medical  theories  and  opinions  which  have  prevailed  ia 
different  ages  and  comitries  j  and  seemed  on  this  account  peeuliarif 
well  qualified  (independently  of  his  practical  knowledge)  to  have 
written  a  philosophical  history  of  the  science. 

But  the  question  was  very  different,  how  far  he  was  well  qualified 
to  practise  medicine  with  advantage  as  a  lucrative  profession ;  and 
the  period  was  now  arrived,  when  this  point  was  to  be  deter* 
mined.  Several  of  his  friends,  although  very  doubtful  as  to  the 
ultimate  success  of  the  measure  which  they  recommended,  were 
yet  extremely  desirous  that  he  should  try  the  efiects  of  a  regular 
profession ;  which  they  considered  as  affording  the  best  prospect  of 
giving  an  useful  direction  to  his  talents,  and  fixing  his  desultory 
habits.  In  deference  chiefly  to  their  opinion,  he  took  his  degree  c^ 
Doctor  of  Physic  at  Cambridge  in  the  year  1  ^96^  and  for  some 
time  had  serious  thoughts  of  commencing  medical  practice.  But, 
after  some  hesitation,  he  wisely  relinquished  a  design,  which,  whether 
successful  or  not,  was  unlikely  to  contribute  to  his  happiness.  Hb 
desires  were  moderate,  and  his  private  fortune  exempted  him  from 
the  necessity  of  folk>wing  any  employment  as  the  means  of  sub* 
sistence.  He  was  at  liberty,  therefore,  to  indulge  his  own  inclina- 
tions ;  and  his  careless,  independent  habits  of  lite,  no  less  than  the 
general  cast  of  his  character  and  understanding,  rendered  him 
altogether  averse  to  the  drudgery  and  restraints  of  a  profession.  If 
HUty  be  observed  also  as  a  circumstance  by  which  he  was  undoubt- 
edly much  influenced  in  adopting  this  resolution,  that  he  had  suf- 
fered very  greatly,  during  his  attendance  at  the  hospitals,  in  conse- 
quence of  the  acute  and  painful  emotions  he  had  constantly  ex|)e- 
rienced  from  those  sights  of  hopeless  misery  which  he  had  so  often 
occasion  to  witness.  He  justly  apprehended  that  the  frequent 
recurrence  of  such  scenes,  unavoidable  in  medical  practice,  would 
be  destructive  of  his  comfort  and  happiness. 

The  keen  and  exquisite  sensibility,  from  which  these  feelings 
originated,  was  a  striking  feature  in  Mr.  Tennant's  character,  and 
not  only  gave  a  colour  to  many  of  his  opinions,  but  {lowerfully  in- 
fluenced his  conduct.  An  instance  of  his  practical  benevolence,  de^ 
rived  from  this  principle,  happened  about  this  period,  which  may 
perhaps  deserve  to  be  mentioned.  He  had  a  steward  in  the  country 
XI  whom  he  had  long  placed  implicit  confidence,  and  who  was  con- 
siderably indebted  to  him.  In  consequence  of  this  man's  becoming 
embarrassed  in  his  circumstances,  Mr.  T.  went  into  the  country,  in 
order  to  look  into  his  accounts.  A  time  and  place  were  appointed 
for  him  to  produce  his  books,  and  shew  the  extent  of  the  defi- 
ciency ;  but  the  unfortunate  steward  felt  himself  unequal  to  the 
task  of  such  an  explanation ;  and  in  a  fit  of  despair  put  an  end  to 
hb  own  existence.  Touched  by  this  melancholy  event,  Mr.  T.  used 
hb  utmost  exertions  for  the  relief  and  protection  of  the  family 
whom  he  had  left,  and  not  only  forgave  them  the  debt,  but  afforded 
them  pecuniary  assistance^  and  continued  ever  aftexviai^U^X^^^^vt 
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Daring  the  course  of  the  year  \^9S  Mr.  Teonant  coDnnunicated 
to  the  Royal  Society  his  paper  od  the  nature  of  the  Diamond.  Sir 
Inac  Newton  had  conjectured  tliut  this  body  was  inflammable,  as 
was  afierwards  proved  by  the  experiments  of  tlie  Duke  of  Tuscany 
sod  of  Messrs.  Darcet  and  Rouelle.  M.  Lavoisier  efibcied  its 
eombusiton  by  means  of  a  lens,  in  close  vessels,  and  obtained  from 
ilagas,  whieh  preeipitated  chalk  from  lime-waler.  But  this  was 
wX  an  ciirly  period  of  pneumatic  chemistry ;  and  although  be  con- 
duded  that  the  gas  was  lilted  air,  yet  Ite  did  not  consider  the 
anal<^y  between  charcoal  and  the  diamond  as  very  intimate,  but  as 
depeuiling  only  on  their  common  property  of  being  comhustiblc. 
The  merit  of  completely  ascertaioing  the  nature  of  this  substance 
wia  therefore  reserved  for  Mr.  Tcnnant.  He  succeeded  in  burning 
the  diamond  when  reduced  to  powder,  by  heating  it  with  nitre  in  a 
gold  lube.  A  solution  of  tiie  alkaline  salt  was  then  poured  into 
liquid  muriate  of  lime;  and  the  quantity  of  carbonic  acid  which 
had  been  generated  was  inferred  from  the  weight  of  the  precipitate, 
which  was  found  to  consist  of  carbonate  of  lime. 

From  esperiments  made  upon  minute  quantities  of  diamond 
powder,  not  exceeding  'I^  grains,  he  shewed,  by  comparing  them 
with  Lavoisier's  experiments  on  charcoal,  that  equal  weights  of 
diamond  and  charcoal  yield  equal  quantities  of  fixed  air,  and  that 
fixed  air  contains  between  ^2^  and  27'S  per  cent,  of  diamond} 
results  which  very  nearly  agreed  with  those  of  &L  Lavoisier,  and 
were  subsequently  confirmed  by  the  investigations  of  Messrs.  Allen 
and  Pepys. 

In  the  course  of  his  investigation  of  the  diamond,  Mr.  Tennant 
observed  that  gold  and  platina  were  corroded  and  dissolved  by  heated 
nitre ;  and  that  on  the  addition  of  water  to  the  salt,  the  metals, 
owing  to  the  presence  of  nitrite  of  potash,  were  in  a  great  measure 
preciputated.  These  appearances,  together  with  some  peculiar  pro- 
perties of  the  nitrous  solutions  of  gold,  were  the  subject  of  a  fur- 
ther communication  to  the  Royal  Society  in  1797- 

It  is  worthy  of  remark,  that  Mr.  Tennant  had  ascertained  the 
true  nature  of  the  diamond  some  years  before  he  made  the  above 
communication  to  the  Royal  Society,  In  conversing  about  this 
time  with  a  particular  friend,  whom  he  was  attending  with  affec- 
tiooate  care  during  a  lingering  illness  in  the  spring  of  1/96,  he  hap- 
pened to  mention  the  feet  of  this  discovery.  His  friend,  who  had 
often  lamented  Mr.  T.'s  habits  of  procrastination,  urged  him  to  lose 
no  time  in  making  his  experiment  public;  and  it  was  in  conse- 
quence of  these  entreaties  that  the  paper  on  the  diamond  was  pro- 
duced. A  still  more  remarkable  esample  of  the  same  indolence  or 
iaaitention  occurred  in  the  case  belbre  alluded  to  of  the  paper  on 
double  distillation,  communicated  to  the  Royal  Society  in  1B14, 
ike  substance  of  which  he  had  mentioned  to  some  of  his  friends 
during  his  residence  at  Cambridge. 

These  facts  are  memorable  and  instructive  instances  of  tlte 
strength  and  weakness  of  Mr.  Tenrant's  mind.  His  curiosity  and 
activity  were  Incessant}  he  had  a  vigilance  of  oijscrvation  which 
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auftted  mthtog  to  escape  him,  and  wat  qontimially  gtiniog  new 
ittforfnation  frooi  a  variety  of.  ioterestiog  8CHiroe6«  Bnt  although 
the  knowledge  thus  acquired  was  remarkable  for  its  correctneas^  anl 
complete  for  the  purposes  of  its  possessor ;  yet  the  industry  and 
perseveraneei  by  which  it  ought  to  have  been  embodied  and  madd 
permanent  for  the  benefit  of  others,  were  too  often  altogether 
iMfttnt|qg.  The  ardour  and  energy  of  Mr*  Tennant's  mind  oo* 
opemted,  unfortunately  in  this  respect,  with  his  want  of  method 
and  of  systematic  habits  of  application ;  since  he  was  constantly 
}M'essing  on  Uy  new  discoveries,  instead  of  arranging  and  bringing 
to  perfection  those  which  he  had  already  made« — His  memory  was 
a  great  storehouse  of  discoveries  and  hints  for  discovery,  of  ascer*^ 
tttined  fticts,  probable  conjectures,  and  ingenious  trams  of  reasoning, 
relative  to  the  various  important  subjects,  upon  which  he  had  at  any 
time  been  engaged.  These  he  was  continually  treasuring  up,  witn 
the  intention  of  reducing  them  to  order  and  preparing  them  for  use 
at  a  more  convenient  season.  But  that  period  rarely  arrived.  In 
the  carelessness  of  intellectual  wealth,  he  neglected  the  stores  of 
knowledge  which  he  had  accumulated,  and  suffisred  them  to  remain 
useless -and  unproductive,  till  his  attention  was  recalled  to  them, 
perhaps  after  a  long  course  of  years,  by  some  new  fact  or  discovery^ 
some  remark  in  conversation,  or  other  accidental  occurrence.  It 
is  yet  to  be  ascertained,  by  a  careful  examination  of  his  paperij 
whether  any  fragments  of  this  great  body  of  knowledge  still  re«> 
main,  which  can  now  be  converted  to  use ;  whether  any  of  hia 
various  discoveries  not  hitherto  made  public  (some  of  which  un« 
queatibnably  were  important)  are  capable  of  being  traced  out  and 
miderstood  from  the  loose  and  imperfect  hints  which  his  scattered 
notes  may  furnish.  But  there  is  too  m^ch  reason  to  believe  that  the 
frr  greater  part  of  them  existed  only  in  the  mind  of  their  author,' 
and  that  with  him  they  have  unfortunately  perished ! 

(To  h9  continued,) 


Article  II. 

Jlccount  of  a  Toad  found  in  the  Trunk  of  a  Beech. 
By  Thomas  Lauder  Dick,  Esq. 

(To  Dr.  Thomson.) 

In  yoM?  Journal  tot  thia  month,  whieb  has  just  reached  me,  I 
ehaerve  sortie  qaades  have  been  p^posed  relative  to  toads  found  in 
locks  and  treea.  I  agree  with  yoti,  that  in  every  such  instance  some 
ilsaiira  will  be  found  coffimunicating  with  the  external  air,  nor  have 
]  e«af  heatd  mH  any  well«amhenticated  case  to  the  contrary.  I  am 
M  to  tfooblo  you  widi^  thia^  not  vMh  ftny  iFiew  of  \Vitomti%l^i^\.  cKi 
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this  [Virt  of  the  subject,  but  to  stale  to  you  a  recent  instance  of  oiie 
of  tliosc  anhnaU  being  fountl  in  a  very  singular  situation.  I  was  not 
an   eye-witness  ;   but  the  person    who  iias  cliarge  of  my  fatlier's 

L woods  here,  a  man  for  wiiOLe  integrity  I  can  be  answerable,  told  me 

.  A  quHHtiiy  of  timber  being  felled  here,  a  wrigbt,  who  had  roadc 
9aie  purchnses,  came  to  take  his  trees  away,  and  amongst  the  rest 
k^beeeh,  which  had  grown  with  a  smooth,  I'tniight,  unhranched, 
■4tem  of  about  30  feet  high,  above  which  it  divided  into  two  large 
.  "hmhs.  As  this  tree  was  lying  on  the  ground,  the  wright  and  his 
man  set  about  cross  cutting  it  wiih  a  saw  just  below  the  cleft,  when, 
to  their  surprise,  tlie  stem  was  no  sooner  divided  than  a  large  toad 
crept  nut  of  a  circular  hole,  the  upper  and  smaller  part  of  which 
had  Iwen  cut  off  by  the  saw.  As  far  as  I  can  miike  out  from  con- 
versation with  the  man  above  alluded  to,  the  tree  had  nil  the  ap- 
pearance of  being  quite  solid  above  ;  yet  1  have  no  doubt  that  some 
sligbt,  tbougb  perhaps  almost  imperceptible,  communication,  rniist 
have  exialed  from  the  fork  into  the  hole  where  the  toad  wbs  lodged; 
and  1  urn  the  more  saiislied  of  this  from  the  account  which  the  man 
gives  of  tiie  appearance  of  the  interior  of  the  hole,  which  seemed 
to  he  slieiithed  all  round  with  something  resemliling  bark. 

But  llie  curious  query  arising  from  this  fact  is,  how  came  a  load 
to  bi-  lodged  go  high  ?  The  toad  has  no  power  of  crawling  perpen- 
dicularly so  as  itj  have  ascended  the  smooth  bark  of  a  straight  tree 
tu  such  a  hfiglit.  I  know  from  my  own  observations  that  treea 
grow  in  altitude  in  two  ways  :  1st,  Something  is  annually  added  to 
the  blight  of  the  tree  by  the  new  shoots :  end  2dly,  in  addition  to 
this  niudf  of  intrement,  the  wholi;  tree  seems  to  stretch  itself  yearly 
out  of  the  ground,  throughout  its  entire  length,  to  a  very  consider- 
able e:(tent,  as  1  have  proved  by  measuring  the  height  of  knots 
u|>ou  trees  at  ditfereni  periods.  But  with  all  this  I  do  not  think  it 
very  rational  to  suppose  that  the  cleft  in  question,  which  may  have 
once  exieniled  quite  down  to  the  hole,  could  have  ever  existed  so 
near  the  ground  of  a  size  sufBcient  to  have  admitted  of  a  toad 
crawling'  into  it.  The  only  way  in  which  it  appears  to  me  that  this 
circuiiisianre  can  be  aeeounted  lor,  is  by  supposing  that  the  spawn, 
after  being  removed  from  the  female  by  the  obstetrical  aid  of  the 
mule  tnad,  must  have  been  transported  and  diopt  into  the  cleft  of 
the  tree  by  some  liird. 

A-  to  what  I'eiinnnt  and  others  say  of  the  obstetrical  aid  afforded 
by  the  irtitle  lo  the  female  toad,  I  am  led  to  suspect  that  the  object 
of  the  operation  is  more  for  the  purpose  of  impregnating  the  spawa 
a^  it  is  duigged  from  ibe  female  than  any  thing  else.  It  appears  to 
be  liie  same  with  frogs.  In  the  course  of  a  solitary  walk  in  the 
lurginiiing  of  last  Marcli,  my  aiiention  was  excited  by  on  uocom- 
nioo  cuuiii'Otiun  in  a  shallow  pool  of  water  not  much  more  than 
four  feet  square.  My  approach  to  ascertain  the  cause  being  rather 
too  hasty,  1  had  only  time  to  observe  it  was  occasioned  by  a  pareel 
_*-/■_ —    -.i..._  = -piediately  oq  my  advance  they  ilisappeared  under 
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water,  concealing  themselves  beneath  a  quantity  of  spawn  already 
floating  on  the  surface.    Having  placed  myself  behind  an  adjoining 
hedge,  through  which  I  could  perfectly  see  the  pool,  being  abf>ut 
two  yards  from  its  sur&ce,  and  at  the  same  time  without  giving  any 
disturbance  to  its  inhabitants,  I  remained  quiet  for  more  than  a 
quarter  of  an  hour.     At  length,  when  my  patience  wus  nearly  ex- 
hausted, I  saw  the  head  of  a  frog  rise  above  water ;  and  on  a  closer 
inspection  I  perceived  underneath  the  head  of  another  one,  which 
seemed  to  be  embraced  by  the  first.    In  this  way  they  silently  THised 
themselves  pair  by  pair,  till  there  were  not  less  than  50  or  60  pairs 
of  them  in  the  small  space  I  have  already  mentioned,     in  a  short 
time  the  little  pool  was  all  in  action.     Those  frogs  which  were 
mounted  on  the  backs  of  the  others  seemed  to  be  busily  employed 
with  their  hinder  feet  and  legs,  whilst  the  fore  legs  of  each  firmly 
embraced  the  body  of  his  mate.     In  some  too  a  mass  of  spawn 
seemed  to  ihove  after  the  pair  as  they  altered  their  position  in  the 
pool.     These  violent  exertions  of  what  I  took  to  lie  the  males  con- 
tinued without  any  intermission,  and  with  so  much  force  as  very 
considerably  to  agitate  the  little  pool  for  some  time,  until  the  noise 
of  a  person  passing  on  horseback  alarmed  them,  and  they  were  all 
again  under  water  in  a  moment.  '  From  the  hinder  parts  of  what  I 
took  to  be  the  female  frogs  having  been  so  much  under  water,  I 
could  not  positively  assert  the  fact,  but  I  had  not  a  doubt,  from  the 
nature  of  the  motions  I  saw,  that  the  animals  were  engaged  in  an 
operation  similar  to  that  which  is  ascribed  to  the  toad ;  and  1  was 
confirmed  in  this  belief  by  observing  on  my  return,  five  or  six 
hours  afterwards,   that  the  quantity  of  spawn  had  been  nearly 
doubled ;  and  though  I  approached  the  pool  with  the  utmost  cau- 
tion, I  could  not  see  a  single  frog,  and  had  every  reason  to  think, 
from  a  careful  examination  of  the  shallow  pool,  that  they  were  all 
gone. 

I  fear  the  above  may  be  very  uninteresting  to  you ;  and  if  so^  I 
have  to  apologize  for  troubling  you  with  it. 

I  have  the  honour  to  be,  Sir, 

Your  obedient  humble  servant, 

Fmmimn  Hatt,  by  Tranent^  ThOS.  LaUDKB  DiCK. 

Jf^a,  1615. 


Article  III. 
On  the  Red  Sand^stone  Formation,    By  Professor  Jameson. 

This  important  formation  has  been  met  with  in  the  most  wideljr 
distant  parts  of  the  globe,  and  generally  occupying  great  tracts  Jf 
country.  It  rests  sometimes  on  primitive  rocks,  but  more  frequently 
oa those  of  the  transition  class;  and  in  many  countries  it  is  eover^ 
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with  an  exteusWc  series  of  newer  lotjks.  It  ib  distinctly  siniufied  ; 
and  the  strata  vary  from  the  liorizonlal  to  the  nearly  perpendicBlar 
posiiioo.  The  sirnta  are  sometimes  waved,  someiimes  dispmed  in  a 
concentric  lamellar  manner,  but  are  more  frequently  straigfat. 
Sosietintes  vertical  strata  are  to  be  seen  meeting  others  which  rare 
in  n  horizontal  pusitiou,  and  occasionally  vertical  strata  are  contained 
in  masses  ufneaily  horizontal  or  slightly  inclined  strata.  Oecasionalljr 
the  strata  in  a  small  district  appear  disposed  in  every  possible  posi- 
tioD ;  and  at  first  sight  suggest  to  us  the  idea  either  of  great  original 
inequalities,  or  of  violent  action  on  the  strata  after  their  formation, 
but  which,  upon  more  careful  examination  and  consideration,  would 
■eeai  rather  to  intimate  that  the  wliote  mass  of  strata  is  composed 
sf  a  series  of  distinct  concretions,  in  each  of  which  the  layers  or 
strata  vary  more  or  less  in  position. 

Red  sand-stone  contains  many  different  rocks,  either  in  beds, 
iBOun tain- masses,  or  veins.  The  foUontng  are  the  principal  kinds 
(^  rock  1  have  met  with  in  the  red  sand-stone  of  Scotland. 

1.  Red-coloured  Slale-doy. — This  rock  occurs  in  beds  that  vary 
ia  thickness  from  a  few  inches  to  several  fathoms.  It  is  sometimes 
so  highly  impr<^nated  with  calcareous  eaith  as  to  pass  into  marl. 
Its  red  colour  is  sometimes  variegated  with  stripes,  layers,  and  cir- 
cular portions  of  a  green  colour.  It  passes  sometimes  into  clay- 
stone,  and  sometimes  into  day-iron-stone.  It  occurs  in  Salisbury 
Cruig^s,  near  Edinburgh  ;  Pcntknd  and  Ociire  Hills ;  Isle  of  Arran ; 
Ayrshire,  near  Saltcoats;  Drumfrieshire ;  Angns-shire,  &c. 

2.  Ciay-sione. — This  mineral  occurs  in  beds  that  vary  in  thick- 
ness from  an  inch  to  several  yards.  It  altcriiutes  with  the  precedii^ 
roch,  and  also  with  red  sand-stone,  and  some  other  rocks  subordi- 
tmie  to  it.  It  occurs  in  Sulisbury  Craigs,  Fentland  and  Ochil  Hills, 
Arran,  Ayrshire,  Dumfrieshlre,  Angus-shire,  &c. 

3.  Clay-iron-stone. — It  occurs  in  layers,  or  in  irregular  shaped 
massed  generally  included  in  slate-clay.  It  is  a  frequent  mineral 
in  many  red  sand-stone  districts,  as  in  the  Island  of  Arran,  Dum- 
frieshire,  Lothians,  Angus-shire,  &c. 

4.  Trap  Ttiff. — This  singular  and  interesting  rock  occurs  in  the 
ted-^and-stone  in  beds,  which  are  frequently  of  great  thickness.  I4 
passes  into  clay-stone  and  red  sand-slone.  It  Is  by  no  menns  an 
uncommon  rock  in  several  of  the  red  sand-stone  districts  of  this 
country,  as  in  the  Lothians,  Arran,  Angus-shire,  &c. 

5.  Amygdaloid. — This  rock,  like  the  trap  tuff,  occurs  in  great 
beds  or  hills  connected  wi«h  the  red  sand-stone,  and  occasionally 
imbedded  coteniporaneous  masses  of  it  are  met  with  in  the  sand- 
stone. It  passes  into  the  tuff  and  sand-stone.  It  is  one  of  the 
roL-ks  of  the  red  sand-sione  districts  in  East  Lothian  and  Mid-Lo- 
thian, Islands  of  iJute  and  Arran,  Angus-shire,  &c. 
'  .  6.  Basalt, — This  rock  occui-s  in  1>eds  and  veins  in  the  red  sand- 
alone  of  Bute,  Arran,  Ochils,  Pentlands,  Lothian,  Angus-shire,  &c. 
\,^2..  J^iak-sione.^Thls  bcguliful  rock  i;  abundant  in  several  fed 


{815.1  On  tk^Red  Sand-iimie  fbrmMlion.  15 

sand-stone  districts  in  Scotland,  in  beds,  hills,  and  veins.  The 
following  are  a  few  of  the  localities  of  this  rock:  Arran,  East 
Lothian,  Ochils,  Pentlands,  Angua-shife,  &c. 

8.  Green^stone.  —  Beds,  imbedded  cotemporaneous  masses, 
moiiQUiQ  masses,  hiUt,  and  veiosy  of  this  rock  otovX  w  the  red 
sand-stone  formation  of  ScotUuni.'  !I}iu8  it  is  met  with  in  East  and 
Mid  Lothian,  Ochii  Hills,  Arran,  Bute,  Renfrewshire,  Ayrshire, 
Angus-shire,  &c. 

9.  Pitck'Stone, — Green  and  black  coloured  varieties  of  thfe  rock 
mre  ihet  with  in  the  form  of  imbedded  masae^  beds,  and  veins,  in 
^ke  md  aaad-stone  of  the  Island  of  Arran. 

lOu  Bslspau — Beds  of  compact  felspar,  often  pfBsing  into  claf* 
ttoae,  ooeur  in  the  red  sand-stone  of  Arran,  Pentbnd  Hilb,  Ochil 
Hilb,  8(€. 

11.  Fwphyr^.  — <•  Varieties  of  this  rock,  namely,  clay-stooe, 
koni<*stone,  and  felsparoporphyry,  occur  in  beds,  hills,  and  veins^ 
in  the  red  sand*stone  formation.  The  Pentland  and  Ochil  Hills, 
the  Island  of  Arran,  the  upper  ward  of  Lanarkshire^  Angu»-shire, 
afford  easamples  of  porphyry  in  red  sand^stooe. 
'  12.  Lima^stone  and  Lime*sttme  Conglomerate, -^Tkest  rocks 
occur  in  beds  in  the  red  sand-stone  of  Last  and  Mid  Lothian,  in 
that  of  the  Ochil  and  Pentland  Hills,  of  Arran,  Dumfirieshire, 
Ayrshire,  Lanarkshire,  Renfrewshire,  Angus^shire,  &c. 

IS.  CoaL'^Oi  this  mineral  several  kinds  occur  in  the  red  sand* 
stone,  viz.  glaoce-coal,  slate-coal,  and  pitch-coal;  and  they  ate 
met  with  in  Arrao,  Dumfrieshire,  Lothian,  &c. 

From  the  short  enaaaeration  just  given,  it  is  evidenC  that  the  red 
lend^sloiie  formation  is  much  more  interesting  than  has  been  gene- 
rally imagined.  The  great  variety  and  abundance  of  trap,  pitch* 
stone,  and  por|diyry  rocks,  contained  in  it,  their  transitions  into 
tack  4)ther  and  into  the  sand-stone  and  clay  are  very  striking  facts  in 
tkjeir  naitural  bbtory,  and  deserving  tlie  particular  attention  of  those 
who  take  an  interest  in  the  volcanic  and  neptunian  theories  of  their 
formation.  Those  naturalists  who  are  inclined  to  think  favourably 
of  the  opinion  which  maintains  the  chemical  formation  of  sand* 
stcuie  will  adduce  the  various  kinds  of  structure  exhibited  by  the 
red  sand^one  as  so  many  ftcts  illustrative  of  its  plausibility ;  and 
the  mmet  and  engineer,  if  they  B.66pt  this  opinion,  will  probably 
cdkitaiR  2(a  easy  solution  of  many  difiiculties  that  occur  in  their  re- 
spective arts,  and  practical  rales  of  vahie  and  importance  to  them. 


.  -l6  JllaminatUm  ly  Coal  Gas.  fJoLTj 


Article  IV.  '  ikS 

On  the  Method  of  Illmninaling  the  Streets  hy  Coal  Gas, 
By  Mr.  Frederick  Accum, 

{To  Dr.  Thomson.) 


^H  YouB   Correspondent  in  the  Atmah  of  Pkilosopkij  for  April, 

^H       p.  313,  who  appears  to  be  alarmed  concerning  the  safety  uf  the 
^H       application  of  the  gas  light  illumination,  and  is  desirous  of  obtain- 
^H        ing  information  concerning  certain  facta  relating  to  the  scheme  of 
^H       procuring  light  by  means  of  carbureted  hydrogen,  or  coal  gas,  is 
^H       bereby  informed  that  the  explosion  he  alludes  to  was  occasioned  in 
^H        consequence  of  a  quantity  of  coal  gas  having  been  suS'cred  to  enter 
^f       into  the  buildJog  where  ihe  gazometer  was  erected,  and  where  it 
minified  with  common  air,  and  was  set  on  fire  by  the  approach  of  a 
lighted  candle.    I  give  this  statement  from  a  letter  before  me, 
written  by  the  proprietors  of  the  establishment  at  which  the  acci- 
dent hapiH-ned  to  a  Gentleman  in  this  town.  They  who  are  iamiliar 
with  the  system  of  ligiiiing  with  coal  gas  will  readily  allow  that  gas 
light  illumination  is  more  safe  than  the  illumination  by  candles  or 
lamps.     As  a  proof  of  this  statement,  it  need  only  be  mentioned 
that  the  fire-offices  engage  themselves  to  ensure  cotton-mills  and 
other  public  workii  at  a  less  premium  where  gas  lights  are  used  than 
in  the  cases  of  any  other  lights.    In  fact  no  danger  can  arise  from 
the  application  of  gas  lights,  in  any  way  but  what  is  common  to 
candles  and  lamps  of  all  kinds,  and  is  the  fault  of  none  of  them. 
Even  in  this  case  the  gas  lights  are  less  hazardous.     There  is  no 
risk  of  those  accidents  which  often  happen  from  the  guttering  or 
burning  dotvn  of  candles  on  carelessly  snuffing  them.     The  gas 
light  lamps  and  burners  must  necessarily  be  fi.xed  to  one  place,  aad 
cannot  fail,  or  otherwise  become  deranged,  without   being  imme- 

tdiately  extinguished.  Besides,  t)ie  gas  lights  emit  no  sparks,  nor 
are  any  embers  detached  from  them.  And  with  regard  to  the  pro- 
duction of  the  gas,  it  is  certain  that  the  manufacture  of  coal  gas  is 
a  process  perfectly  safe.  There  is  no  more  risk  in  the  action  of  s 
gas  light  machine /troper/v  consimcted  than  in  the  action  of  a  steam 
engine  built  on  just  principles.  No  part  of  the  machinery  is  liable 
to  be  out  of  order.  There  are  no  cocks  to  be  turned ;  no  valves  to 
be  regulated ;  nor  can  the  operator  derange  the  apparatus  but  by 
the  most  violent  efforts  j  and  when  the  stock  of  gas  is  prepared  we 
may  depend  as  much  on  its  lighting  power  as  wc  depend  on  the 
light  of  a  certain  number  of  candles  or  lamps.  To  obtain  this  gas 
Ihe  workman  is  not  called  upon  to  exercise  his  own  judgment :  it 
requires  nothing  more  than  what  the  most  ignorant  person,  with  a 
common  degree  of  care  and  attention,  is  competent  to  perform. 


1815.]  lUuminaiion  hy  Coal  Gas.  IJ 

l%e  heating  of  the  gas  furnace,  the  charging  of  the  retorts  with 
coal,  the  closing  them  upmir-tight,  and  keeping  them  red-hot,  are 
the  only  operations  required  in  this  art';  and  these  demand  no  more 
skill  than  a  few  practical  lessons  can  teach  to  the  meanest  capacity. 

The  diversified  experiments  which  have  heen  made  by  different 
individuals  unconnected  with  each  other  have  now  sufficiently  esta- 
blished the  perfect  safety  of  the  new  lights,  and  numerous  manu- 
fiictories  might  be  named  ia  which  the  gas  lights  have  been  in  use 
for  upwards  of  seven  years,  where  nothing  like  an  accident  has 
occurred,  though  the  apparatus  in  all  of  them  is  entrusted  to  the 
most  Ignorant  man. 

That  coal  gas,  when  mixed  with  a  cenain  portion  of  commoa 
air  in  close  vessels,  may  be  inflamed  by  the  contact  of  a  lighted 
body,  is  sufficiently  known.  But  the  means  of  preventing  such  ati 
occurrence  in  the  common  application  oCthis  species  of  light  are  so 
simple,  easy,  and  effectual,  that  it  would  be  ridiculous  to  dread 
dangers  where  there  is  nothing  to  be  apprehended. 

In  speaking  thus  of  the  saf^^ty  of  this  new  art  of  illumination,  it 
would  nevertheless  be  easy  to  name  instances  where  explosions  have 
bcfen  occasioned,  but  solely  through  egregious  mistakes  having  been 
committed  in  the  erection  of  the  gas  light  machinery,  were  tl)is  a 
subject  on  which  I  meant  to  speak ;  but  as  I  do  not,  I  shall  merely 
mention,  on  the  present  occasion,  that  an  explosion  very  lately  took 
place  in  a  manufactory  lighted  with  coal  gas,  in  consequence  of  a 
large  quantity  of  gas  escaping  (from  the  gazometer  being  over- 
charged with  gas)  into  the  gazometer  house,  where  it  mingled  with 
common  air,  and  was  set  on  fire  by  the  approach  of  a  lighted 
candle.  That  such  an  accident  could  happen,  is  an  evident  proof 
that  the  apparatus  for  preparing  the  gas  was  a  lad  ofte,  because 
such  an  accident  might  have  been  prevented  effectually  by  adapting 
a  waste  pipe  to  the  gazometer,  as  well  as  to  the  gazometer  house. 
By  this  means,  if  more  gas  had  been  prepared  by  a  careless  operator 
tinm  the  gazometer  could  contain,  the  superfluous  quantity  could 
never  have  accumulated,  but  must  have  becA  transported  out  of  the 
building  into  the  open  air,  in  as  effectual  a  manner  as  the  waste- 
pipe  of  a  water  cistern  conveys  away  the  superfluous  quantity  of 
watier  when  the  cistern  is  full. 

-  In  answer  to  the  second  question  made  by  your  Correspondent, 
namely,  what  sort  of  coal  is  to  be  prepared  for  producing  the  gas, 
it  remains  to  be  observed,  that  Cannel  coal  produces  the  very  vest 
gas ;  or  at  least  the  gas  which  it  affords  requires  the  least  trouble  of 
being  purified  and  rendei'ed  fit  for  illumination  ;  though  Newcastle 
coal  is  employed  for  illumination  in  this  metropolis.*    But  the 

*  The  pnblic  bqildings  already  illaniioated  in  this  town  viUh  coal  gas  are  the 
following:  the  church  of  St.  John  the  Evangelist,  the  avenues  to  theiiouse  of 
Lords  and  House  of  Commons,  Wesminster  Hall,  the  AdmiraHy,  the  house  and 
offices  of  the  Speaker  of  the  Hbuse  of  Commons,  the  Mansion  House,  the  whole 
liberty  of  Norton  Falgate,  &c.  ^  and  the  total  length  of  pipe  laid  down  as  malm 
|Q  the  streets  of  London  amounts  already  to  15  miles, 
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nature  of  the  gas  obtained  from  the  same  cctal  varies  considerably, 
according  to  the  conditions  under  which  it  is  obiaitiahle.  1 12  lb. 
of  common  Cannel  coal  produce  at  the  minimum  from  350  to  idO- 
cubic  feet  of  carbureted  hydrogen  ;  but  the  same  quantity  of  the 
best  Newcastle  coal,  that  is  to  sbVt  such  as  coke  readily,  and  send 
out  brilliant  streams  of  flame,  which  tmdrrgo  a  kind  of  semifusion 
when  laid  on  the  6re,  produce  upon  an  average  300  cubic  feet  of 
this  gaseous  fluid,  besides  a  large  portion  of  sulpliureted  hydrogen, 
carbonic  acid,  and  carbonic  oxide. 

Half  a  cubic  foot  of  this  gas,  when  fresh  prepared,  that  is  to 
say,  holding  in  solution  or  suspension  a  portion  of  the  essential  oil 
which  is  generated  during  the  production  of  the  gas,  is  equal  in 
illuminating  power  to  from  1 70  to  180  gss.  of  tallow,  which  is  the 
quantity  of  this  material  consumed  in  one  hour  by  a  well  snuffed- 
tallow  candle  six  to  the  potmd.  Now  1  lb.  av-oiidupois  is  equal  to 
7000  grs.,  and  consequently  1  lb,  of  candles  of  si>L  to  the  pound, 
burning  one  at  a  time  in  succGssion,  would  last  ''-^"-^  =  40  hours. 
To  produce  the  same  light,  we  must  burn  one  half  of  a  cubic  foot 
of  coal  gas  par  hour ;  therefore  one  half  multiplied  by  40  hours  is- 
equal  to  20  cubic  feet  of  gas  in  40  liours,  and  consequently  equal  to 
1  lb.  of  candles,  six  to  the  pound,  provided  they  were  burnt  one 
after  another. 

Furtiier,  lliilb.  of  CacineL  coal  produce  at  the  mi/umiim  350 
cubic  feet  of  gas,  and  are  equal  to  350  divided  by  20,  which  last  is 
equivalent  to  1  lb.  of  tallow,  making  therefore  11:^  lb.  of  coal 
equal  to  y^  =  17v  lb.  of  tallow  ;  and  112  lb.  of  coal  divided  by 
1;^  of  tallow  gives  six  and  four-tetKhs  of  coal  equal  to  1  lb,  of 
tallow. 

With  regard  to  Newcastle  coals,  it  may  be  stated  that  one  chal- 
dron of  Wall's  End  coal  produces  in  this  large  way  upwards  of 
11,000  cubic  f«et  of  crude  gas,  which  when  purified  diminish  to 
nearly  10,000  cubie  feet.  But  the  quantity  and  quality  of  the  gas, 
as  stated  already,  is  mueh  influenced  by  circumstances  attending  the 
formation  of  it.  If  the  tar  and  oil  produced  during  the  evolution  of 
the  gas  in  its  nascent  state  be  laade  to  come  in  contact  with  the 
sides  of  the  red-hot  iron  retorts ;  or,  l>elter,  if  it  be  made  to  pass 
through  an  iron  cylinder  or  other  vessel  heated  red-hot,  a  large 
portion  of  it  becomes  decomposed  into  carbureted  hydrogen  and 
oleSant  gas ;  and  thus  a  much  greater  quantity  of  gas  is  produced 
than  woiild  be  obtained  without  sucli  precautions.  If  the  coal  be 
distilled  with  »  very  low  red  heat,  scarcely  observaUe  Iw  day-light, 
the  gas  produced  gives  bot  a  feeble  light :  if  this  distillatory  vessel 
be  of  a  dull  redness^  the  light  produced  by  the  burning  gas  is  more 
hriilJant :  if  a  bright,  or  cherry-red,  heat  be  employed,  the  gas 
produced  burns  with  a  bnlliant  white  flame:  and  if  the  heat  be 
increased  so  far  that  the  retort  is  almost  white  hot,  and  conse- 
quently in  danger  of  melting,  the  gas  given  out  has  little  illumi.- 
naiing  power,  and  burns  with  a  clear  bluish  flame :  and  if  this  coal 
abounds  in  pyrites,  a  large  portiwi  of  sul'phuTetcd  hydrogen  gas  !» . 
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then  produced,  which  has  the  capital  disadvantage  of  affording  a 
suffocating  odour  when  the  gas  is  burnt. 

I  need  scarcely  mention  that  it  makes  no  difference  in  what 
form  the  coal  is  used,  and  that  the  very  refuse  or  small  coaly  which 
passes  through  the  screen  at  the  pit's  mouth,  and.  which  finds  no. 
market,  nay,  even  the  sweepings  of  the  pit,  which  are  thrown 
away,  may  be  employed  for  tne  production  of  the  gas. 

With  regard  to  the  pressure  of  the  gazometer,  your  Correspondent 
is  informed  that  experience  has  shown  that  a  pressure  of  .a  column 
of  water  from  an  half  to  one  incK  is  sufiScient  for  reguhting  the 
proper  supply  of  the  gas  to  the  lamps  and.bumen.;.  but  this  pressure 
must  be  constant  and  uniform.  It  is  obvious  that  the  weight  of  the 
^ometer  or  vessel  which  contains  the  gas  is  constantly  increasing 
m  proportion  as  it  fills  with  gas  and  rises  out  of  the  water  or  cistern 
in  which  it  is  immersed  ;  and  consequently,  if  a  constant  or  uniform 
balance  weight  equal  only  to  that  of  the  gazometer  in  the  first 
moment  of  its  immersion  be  employed,  the  gas  become>3  gradually 
more  and  more  compressed  by  that  part. of  the  weight  of  the 
gazometer  which  is  not  counterpoised ;  therefore  ipsurmpuaXitble 
difficulties  would  follow,  because  it  would  be  impossible  to  regitlate 
the  size  of  the  flames,  &c/  To  co^mpensate  tor  this  increasing 
weight  of  the  gazometer,  the  chain  by  which  this  vessel  is  sus* 
pended,  or  at  least  such  a  part  of  it  as  is  equal  in  length  to  the 
neight  of  the  gazometer  (measured  at  right  angles  to  the  axis  of  the 
wlieel  over  which  it  passes  downwards)  must  be  loaded  with  a 
weight  equal  to  tlie  quantity  of  water  which  the  gazometer  dis.- 
places;^  and  thus  the  density  of  the  gas  will  be  uniform,  or. at  all 
times  the  same. 

The  diameter  of  the  pipes  which  convey  the  gas^  Is  hot  taken  at 
rafidom,  as  your. Correspondent  imagines.  Their  diameters  is  n 
simple  matter  of  calculation,  depending  upon  the  quantity  of  gas 
which  they  have  to  deliver  in  a  given  time,  and  the  duuneters  of  the 
branch  pipes  proceeding  from  them^  .  , 

Further  information  concerning  the  general  nature  of  the  gas 
light  illumination,  together  with  a  description  of  the  best  machine- 
ries employed  ip  this  new^branch  of  civil  economy,  your  Corres*- 
pondent  will  find  in  a  Treatise  on  Gas  Light,  illustrated  with 
copper  plates,  which  will  be  published  on  the  10th  of  next  month, 
by.  Sir,  Your  most  obedient  humble  servant, 

CmptoH-street,  Soho,  ^  FrBDERICK   AcCUM. 

»  For  this  elegant  contrivance  we  arc  inilebted  ip  Mr^.Clegg,  the  engineer  ^f 
the  Gas  Light  Company. 
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Article  V. 

'         Remarks    on  the    Older   Flostx    Strata  of    England. 
\         '        By  J.  C.  Pricliard,  M.D.  F.L.S.  F.W.S.  &c. 

(To  Dr.  Thomson.) 
SIR, 
'  I  HATE  long  entertained  a  suspicion  that  it  may  he  possible  by 
comparing  the  organic  remains  found  in  the  lime-stones,  whicli  arc 
ilOnnected  wifh  coal-fields,  with  tliose  which  characterize  some 
Other  rocks,  to  elucidate  the  series  of  secondary  strata,  which  our 
«land  presents,  and  especially  to  determine  the  I'la  of  the  inde- 
pendent coal  formation.  On  reading  Dr.  Fleming's  late  communis 
cation  on  tlie  fossils  fotmd  by  liim  in  Irfnlithgowshirc,  I  was  so 
stronely  confirmed  in  this  persuasion  that  I  Iiave  ventured  to  submit 
the  following  remarks  on  the  subject  to  your  inspection,  and  to  that 

)  irf  the  public  if  you  think  them  worth  inserting  in  your  Journal. 

,  It  seems  improbable  that  a  single  species  of  organized  beings 
should  appear  in  one  stratum,  and  then  vanish  entirely  during  an 
oiterval,  and  aftenvards  show  itself  again.     It  is  contrary  to  what 

,  T»e  find  in  nature.  A  fossil  which  abounds  in  one  formation  is  often 
seen  more  scantily  dispersed  through  a  second,  in  a  third  it  is 
scarcely  found,  and  at  length  withdraws  itself  altogether  from  our 
view.  A  continual  progress  seems  to  have  been  made  from  the 
Biore  simple  to  the  more  complex  forms.  We  observe  no  retro- 
fp^de  changes.  But  if  the  extinction  and  revival  of  a  single  animal 
be  thus  improbable,  how  much  more  difficult  is  it  to  suppose  that 
an  entire  assemblage  of  co-existent  beings  should  disappear  alto- 
^iher,  that  their  place  should  be  filled  during  an  interval  by  crea- 
tures of  a  totally  different  character,  and  that  these  should  become 
extinct  to  make  way  for  a  reproduction  of  the  former  class  ?  The 
supposition  is  so  contrary  to  the  usual  course  of  our  observations, 
that  I  think  we  may  conclude,  when  we  discover  tvio  formations  to 
abound  with  similar  fossils,  and  a  third  to  be  characterized  by  re- 
mains of  a  different  description,  that  the  two  former  belong  to  one 
era,  and  that  the  latter  is  either  more  ancient  or  more  recent  than 
both  of  them.  If  this  conclusion  be  allowed,  it  will  enable  us  to 
ascertain  the  relative  age  of  the  independent  coal  formation,  or  at 
least  of  the  coal-fields  in  Britain. 

I  shall  first  enumerate  the  extraneous  fossils  found  in  the  oldest 
class  of  rocks  which  contains  any,  viz,  those  of  the  transition  for- 
mation, and  chiefly  the  transition  lime-stone. 

Mr.  Jameson  mentions  among  the  fossils  of  this  rock  encrinifes, 

.  madreporites,  lubiporites,  corallites,  and  trochites. 

Von  Buch  found  in  tlie  transition  lime-stone  of  Norway,  Sweden> 
and  Finland,  which  X\s&  under  gramte,  a  great  abundance  and 
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varienr  of  orthoceratites,  some  of  which  were  many  feet  in  length. 
He  observes  that  they  distinguish  this  formation  throughout  Europe; 
He  notices  also  pectinites^  the  oniscus,  trilobite^,  a  number  of  large ' 
madreporities,  a  great  many  trochites,  entrochites,  patellfe^  a  few 
ammonites^  and  a  great  number  of  other  univalves, 

Saussure  found  in  the  lower  chains  of  the  Alps,  between  Mont 
Blanc  and  Geneva,  pectinites,  tcrebratulites,  gryphites,  entr^^ 
chites,  a  great  many  corallites  and  madreporites,  turbinites,  and 
ammonites. 

I  shall  now  mention  some  of  the  fossils  found  in  the  lime-stone . 
rocks  which  accompany  the  coal  formation  in  Britain,  and  which' 
generally  shut  in  or  inclose  the  coal-fields. 

Orthoceratites,  as  observed  by  Dr.  Fleming.  Their  existence  m 
the  co^l-field  of  Linlithgowshire  is  not  a  solitary  fact.  I  have  seen 
one  which  wais  found  in  St.  Virtcient's  Rock,  in  the  boundary  of  the 
Somersetshire  coal  basin.  It  was  in  the  possession  of  Mr.  Cumber- 
land. 

Encrinites  and  trochites  occur  in  astonishing  abundance  in  all  the. 
rocks  of  this  class  in  South  Britain.  Dr.  Flemmg  has  mentioned 
them  in  Linlithgowshire. 

A  great  variety  of  madreporites  is  commonly  sedn. 

Tubiporites  are  mentioned  by  Mr,  Townsend. 

Pectinites  are  often  found  in  the  rocks  near  Bristol. 

The  trilobite  is  well  know'n  in  the  lime-stone  rocks  at  Dudley,  in 
Stafibrdshire, 

Ammonites  occur,  though  more  rarely,  in  the  lime-stone  of  the 
coal  formation.  They  are  mentioned  by  Mr.  Aikin  in  the  coal-field 
of  Shropshire. 

Terebratuiites  are  found  very  commonly  in  all  the  lime-stones  of ' 
the  coal  formation. 

I  might  enlarge  this  catalogue  to  a  much  greater  extent ;  but 
what  I  have  said  will  suffice  to  show  that  there  is  a  general  con^* 
formity  between  the  animal  remains  found  in  the  transition  lime- 
stone and  the  lime-stones  of  the  coal-fields.  Hence  it  appears  that 
at  the  periods  when  these  two  formations  were  deposited,  the  ocean 
was  filled  with  organized  beings  of  the  same  description,  /fhe 
astonishing  abundance  of  these  relics  in  the  rocks  of  both  orders 
testifies  the  vast  profusion  of  animal  life  which  the  sea  contained  at 
each  of  the'periods  in  question. 

That  the  whole  of  this  assemblage  of  animals  became  extinct^ 
and  were  afterwards  produced  anew,  and  that  the  ocean  in  the 
interval  was  filled  with  a  different  set  of  creatures,  which  suddenly 
vanished  when  their  predecessors  appeared  for  the  second  time,  can 
scarcely  be  imagined.  It  follows,  therefore,  that  the  first  floetz 
lime-stone  of  the  Wemerian  series,  to  which  fossils  of  a  different 
character  are  assigned,  is  more  recent  than  the  rocks  of  the  inde* 
pendent  coal  formation. 

This  conclusion  is  confirmed  by  considering  the  s\1\]a!C\c^  \ti^\v\^ 


the  coal  basins  in  South  Britain  are  fonnd.  A  considerable  track 
of  country  in  '.lie  midland  counties  of  England  and  ^outh  Wales  is 
occupied  by  a  red  sand-stone  formation,  which  agrees  remarkably 
with  the  characters  of  the  old  red  sand-stone  of  Werner,  On  this 
sand-slone  several,  if  not  all  the  coal-fields  of  South  Britain,  rest. 
In  the  neighbourhood  of  this  tract  the  older  formations  are  in  many 
places  lo  lie  seen,  as  in  (he  range  of  the  Malvern  Hills,  between 
Herefordshire  and  Worcestershire.  Beginning  from  these  hills,  we 
easily  trace  the  succession  of  rocks  from  the  primitive  to  the  newest 
flpetz  strata.  I  shall  briefly  mention  the  most  iniportant  rocks  which 
this  series  contains  in  this  part  of  England. 

The  Malvern  Hills,  of  which  Mr,  Horner  has  given  an  account, 
form  a  small  range  running  nearly  from  N.  to  S.  They  consist 
chiefly  of  granite  and  syenite,  in  which  no  stratification  can  be  dis- 
covered, perhaps  on  account  of  their  being  very  much  concealed  by 
soil.  On  ihe  western  side  of  them,  beds  of  a  very  hard  compatt 
lirae-sione  lie  against  the  feet  of  tlie  hills  dipping  towards  the  west. 
In  conformable  position  with  these,  and  frequently  alternating  with 
them,  are  beds  of  a  clay  roi'k,  which  varies  in  Its  appearance.  In 
some  places  it  is  a  hard  slale,  and  contains  scales  of  mica  in  great 
abundance ;  in  others  it  becomes  a  mere  shale.  These  rocks  con- 
lain  a  profusion  of  organic  remains,  particularly  encriniies,  madre- 
porites,  and  terebratulites.  Mr.  Horner's  account  of  them  b 
minute  and  accurate  :  I  only  mention  tliem  for  the  sake  of  remark- 
ing their  position  with  respect  to  the  red  sand-stone,  which  I  liave 
iraced,  and  which  appears  to  fix  their  place  in  the  geological  series. 

Mr,  Horner  considered  these  rocks  as  belonging  to  the  transition 
formation-  In  this  opinion  he  was  right,  if,  as  it  appears  scarcely 
to  be  doubted,  the  sand-stone  is  the  old  red  sand-stone. 

As  we  approach  these  hills  from  Ross,  we  perceive  that  the 
country  which  lies  to  the  S.  W.  of  the  raDg,e  is  occupied  by  a  suc- 
cession of  low  ridges  lying  neafly  papllel  to  the  direction  of  the 
Malvern  Hills.  Most  of  the  observations  which  Saussure  made  of 
the  calcareous  cliajns  of  the  Alps  are  hpre  verified  in  miniature. 
The  ridges  generally  turn  their  abrupt  sides  towards  the  primitive 
range,  and  slope  on  the  other  side,  'i  hey  consist  of  (he  liniC'Slone 
and  clay  rock  alxive  mentioned,  the  beds  of  which  gepeially  dip 
towards  the  W.  and  S.  W. }  but  at  thenorthemextrepiity  of  several 
ridgas  they  turn  round  the  hills,  and  dip  northward.  In  the  most 
westerly  of  these  ridges,  near  F'ownhope,  itbout  13  miles  jo  a  direct 
line  from  the  Malvern  Hills,  the  clay  and  lime-stone  rock  dips  at 
an  angle  of  about  60°  towards  tfie  S.  W,  Here  we  losp  this  for- 
inatiaii. 

Immediately  after  passing  over  this  western  limit  of  the  limc- 
stonc,  we  find  the  red  sand-stone  above-mentioned  lying  upon  it, 
and  in  a  position  exactly  conformable  with  it.  The  sand-stone 
forms  low  ranges  of  hills  parallel  to  the  former.  It  dips  to  the  S.W. 
at  a  coDsideiable  aogte,  which  diroinisbes  ta  we  recede  from  i^c 
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lime-stone.  It  rans  lience  througli  the  greatest  part  of  Hereford- 
shire, generally  preserving  the  same  direction  and  dip,^  It  passes 
rote  Shropshire,  where,  from  Mr.  Aikm^s  observations,  it  appear^ 
t^  pass  under  the  coal-fiefds.  h  forms  a  great  part  <k  Cheshire ; 
ana,  according  to  Mr.  Aikin,  contains  the  salt  springs  of  Droit- 
wicb,  &c.  and  the  salt  deposit  of  Northwich.f  I  have  followed  it 
hito  Brecknockshire  and  Monmouthshire.  The  limenrtones  which 
^ut  in  the  coal-fields  every  where  lie  upon  it.  These  I  shall  deno^ 
minate  mountain  lime-stones,  for  the  sake  of  distinction.  Thejr 
may  be  traced  from  a  few  miles  S.  of  Ross  to  Chepstow,  forming 
the  beautiful  cliffs  which  overhang  the  Wye,  and  in  a  conformable 
position  with  the  subjacent  sand-stone,  dipping  to  the  S.W.  In 
l^eneral  the  sand-stone  consists  of  fine  grains  of  onartz^  with  a  little 
aigil,  and  a  variable  i]tiantity  of  oxide  of  iron  and  mica  :  but  in  the 
bilb,  and  on  approaching  the  lime-stone,  its  constituents  are  diffe- 
rently disposed.  At  the  bottom  of  a  hill  we  often  find  the  common 
red  sand-stone ;  higher  up,  a  stratum  of  puddrng-stone,  containing 
rounded  pieces  of  quartz,  large  masses  of  which  in  loose  blocks 
cover  the  declivities ;  then  there  are  beds  of  a  whitish  stone,  the 
iron  and  mica  disappearing,  which  makes  a  good  building  stone, 
but  near  these  there  is  a  thin  bed  consisting  almost  wholly  of  oxide 
of  iron,  and  others  almost  entirely  of  mica.  All  these  varieties 
occur  in  a  hill  near  Ross,  called  Herol  Hill.  On  the  top  of  it  the 
inouirtain  lime-stone  appears ;  and  about  a  hundred  yards  further  a 
pit  is  open,  when  the  lowest  bed  of  the  forest  coal  rises  near  to  the 
arurface  of  the  ground. 

This  red  sand-stone  formation  is  concealed  near  the  Severn  by 
the  red  marl  rock  and  the  Lyas  lime-stone ;  hut  it  appears  again 
near  Bristol,  forming  the  basis  on  which  the  Somersetshire  coal 
basin  rests,  of  which  Mr.  GSlby  has  given  an  excellent  account  in 
the  Philosophical  Magazine  for  last  November.  I  have  seen  it  lying 
under  the  lime-^stone  near  Axbridge,  at  ttie  southern  edge  of  this 

basin..    This  formation  would  appear  every  where  to  rest  upon  the 

«.-  -  <  .' 

•  Mr.  Horiwr  consiidered  4lie  MaLvern  Hills  as  affording  conntenaace  to  (be 
Huttoaiaki  ttieory.  He  obser? e* ,  'that  the  |nm ition  of  the  stratified  rocks  ieeii&  lo' 
indicate  tiuU  tliey  wvre  lifted'  up  by  a  force  fron  beneath.  But  if  he  had  traversed 
Ae  coontry  to  the,  westward  of  these  hills,  hp  wonld  liaTe  found  that  the  strata 
have  generally  a  siiniiar  position,  and  even  dip  at  a  much  greater  angle,  at  the 
distance  of  18  or  14^' miles  from  the  Malveni  Hills.  The  absence  of  the  stratified 
rocks  on  tbe  entiem  tide  may  be  nccomted  for  1>y  sappoiingthat  a  submarine  car* 
mt  flowed  down  Che  present  Yale  of  Severn  at  the  era  when  the  rocks  in  ouestion 
were  deposited.  Many  indicationa  may  be,  found  of  die  existence  of  such  a  cut- 1 
rent ;  but  if  nohe  could  be  produced,  surety  the  hypothesis  is  fully  as  admUsible 
as  the  ejection  of  the  granite  masses  from  the  a^yss  of  Tartarus. 

f  It  IS.  very  Strang  that,  .after  all  that  has  been  said  concerning  this  ^It  forma- 
6on^  we  are  yet  withoiit  any  satisfinctory  account  of  the  stratum  in  which  it 
occuri.  ''Dr.  Holland,  ih*  this  fli^st  volume  of  the  Geological  Transactions,  says, 
that  If  U  subordinate  to  the  sand^stoae  of  the  independent  coal  formation.  Mr. 
Aiktn^  ia  the  same  volume,  J nforms  us  that  they  belong  to  the  old  red  sand-stone  % 
and.  Mr.  Horner,  as  1  perceive  by  the  abstract  of  his.  late  memoir  on  the  south- 
castertfi  part  of  Somersetshire,  given  in  the  last  nurobtr  of  \\i«  ^TinaU^  va!i^%% 
them  to  the  newer  argiJJaceaus  saud-ftone  lermcd  red>n;Mr\. 
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traniition  rocks.  I  have  meDtioued  its  relation  to  (hose  oear  Mal- 
vern. Mr.  Aikin  informs  us  that  it  rests,  \a  Shropshire  on  highly 
elevated  strata  of  grey-wacke ;  and  !  observe,  by  the  last  number 
of  your  Annals,  that  Mr.  Horner  has  found  it  lying  on  the  same 
$)rmatian  near  the  Quantock  Hills,  in  Somersetshire. 

The  red  sand-stone  is  supposed  to  contain  no  oiganic  remaini. 
Ibelievcj  however,  tliat  1  have  seen  traces  of  entrochites  in  it. 
The  mountain  lime-stone  which  rests  upon  it  contains  the  fossils 
^numerated  above,  and  which  agree  so  remarkably  with  those  of  the 
transition  fornialipn.  It  often  resembles  the  transition  time-stone 
fcj  its  texture,  but  is  less  crystalline,  and  has  much  thicker  heds.* 
'  From  tliese  considerations  I  think  it  is  evident  that  the  rocks  be- 
longing to  ihe  independent  coal  formation  follow  the  old  red  sand- 
stone in  the  geological  succession,  and  are  more  ancient  than  any 
ctther  meraher  of  the  floetz  series. 

Biit  further,  wc  may  almost  venture  to  assert  that  the  succeeding 
formations  in  the  system  of  Werner  have  no  existence  in  this  coun- 
pf,  and  that  the  order  of  floetz  rocks,  from  the  old  red  sand-stone 
Xjp  to  the  chalk  which  form  the  greater  part  of  South  Britain,  bear 
very  little  analogy  to  the  suocession  pointed  out  by  that  celebrated 
naturalist. 

I  have  stated  that  the  strata  above-mentioned  dip  most  commonly 
towards  the  S.  W.  The  coal,  together  with  tlie  micaceous  sand- 
stone and  the  argillaceous  stone  which  forms  the  roofs,  &c.  of  the 
coal  seams,  dip  conformably;  but  this,  as  well  as  the  general  incli- 
lion  of  the  subjacent  rock,  is  subject  to  variations.  The  whole 
commonly  incline  at  a  very  perceptible  angle.  Over  these  rocks 
^K  deposited  a  series  of  strata  which  lie  very  nearly  parallel  to  the 
plane  of  the  horizon. 

The  first  or  lowest  of  these  is  that  which  Messrs.  Townsend  and 
F&rey  denominate  red  ground  and  red  marl,  ft  has,  if  1  mistake 
^ot,  been  confounded  with  the  old  red  sand-stone.  Its  composition 
varies;  sometimes  it  is  an  argillaceotis  sand-stone,  but  without 
mica,  and  destitute  of  that  slaty  form  which  characterizes  the  older 
sand-sione.  I  never  saw  it  contain  any  rounded  pieces  of  quartz. 
In  some  places  it  becomes  a  marl  rock,  consisting  chiefly  of  car- 
bonate of  lime.  This  is  the  case  on  the  banks  of  the  Severn,  where 
It  contains  a  bed  of  gypsum. f     According  to  Mr.  Townsend,  the 

119  rrsemhlancp  accaunis  fiir  (he  d  isaErerinenl  we  find  nmaag  higb  aulhori- 
ihe  sul(jpcl  of  these  limp-sloocB.  Mr.  Wtrner,  In  his  little  buot  on  Tcins, 
as  the  lime-stone  rocki  at  (he  peok  ■□  Oerbj'iliire  twice:  once  be  calls  (hrm 
I  VBDiilioD  racks,  and  nncE  ntGrtna  lha(  they  arc  Doetx.  M.  BrocbanI  tayi  (hej 
ramitinn,  and  I  UDders(and  lhR(  Mr.  Jameson  caniidcD  them  as  fiae(z, 
I  FCRrcel)>  need  obiene  that  I  have  not  mentirined  tbeH!£lia(a  for  [he  safie  of 
I  ^aimins  Ihc  discovery  of  them,  but  merely  with  (he  view  of  makiiig  some  remarks 
I'm  (heir  order,  and  the  relation  which  Iheirsucression  bears  (o  (he  serici  of  M. 
I  Wrrner.       A  very   acenrale  account  of  (hcsc   formations  is  already   before  the 

Silblic,  in  (he  paper  of  Mr.  Cilby  above  referred  to ;  and  an  ei(ensive  collectioa 
f  inlerolmg  fach  retpec(ipc  these  nnd  other  newer  fioclz  rocks  in  South  Britain 
W  U  contained  in  (he  tf  ork  of  (he  Rev.  I.  Town^eud,  who  nenliom  that  Ite  derived^ 
l-iLBrsi  infojmation  concerning  them  from  Mr,  W.  Smith. 
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ip^goemi^  UiQ^stoiM  of  Derbyshire  find  ibe  North  of  Engfamd 
lielipiiig^.  to  this  tom^xio^. 

Abov6  this  is  ^he  Lyas  Uiue-fitoiie  enclosed  ia  a  bed  of  ckqr* 
This  stnituKQ  abounds  in  shells.  In  this  respect  it  agrees  wjith  the 
second  floetz  lime-stone  of  Werner,  which  is  called  in  Gerinao]^ 
muschel  kalkstein.  It  contains  pentacrinites,  which  are  considered 
as  peculiar  to  this  stratum.  I  have,  however,  found  them  in  the 
oolite  rock  in  Gloucestershire,  but  the  Lyas  is  tlieir  proper  abode, 
and  they  gradually  disappear  in  the  succeeding  formations.  It  is 
here  also  that  those  large  heads  and  bones  are  discovered  which 
have  been  supposed  to  be  the  relics  of  crocodiles.  They  are 
of  several  species.  The  remains  which  Mr.  Johnson,  of  Bristol^ 
has  collected,  proves  that  some  of  them  at  least  belong  to  an 
unknown  marine  animal.  From  the  account  which  M.  Cuvier 
has  given  of  the  cliff  at  Honfleur,  containing  the  remains  oC 
CFOcodiles,  I  think  it  is  highly  probable  that  it  belongs  to  the 
Lyas  stratum.  He  mentions  two  species  which  nearly  resemble' 
the  gavial.  If  any  of  your  correspondents  has  seen  the  rock  at 
Honfleur,  and  will  favour  us  with  an  account  of  it,  which  may 
enable  us  to  ascertain  its  identity  with  the  Lyas  lime-stone  rock,  it 
will  throw  an  additional  interest  on  these  remains.  All  the  o^her 
fo^ls  occurring  in  this  stratum  are  oceanic,  among  wluch  are  ftoa-* 
inoi^tes  ofttn  thi^ee  &et  in  diameter^ 

The  Lyas  formation  is  very  extensive  in  South  Britain.  It  is  well 
known  at  Lyme  and  Chasoiouth  on  Uie  south  coast,  and  traversea 
the  island  towards  tiie  German  Ocean.  I  have  been  infornaed  that, 
it  occurs  in  Anglesea. 

Above  tlie  L^as  is  the  extensive  calcareous  formation  Qontaining. 
the  oolite  or  roestione.  This  cannot  be,  on  account  of  its  position^ 
the  ropgen^eip.of  Werner,  which  is  subordinate  to  the  second  sand-^ 
stone,  and  therefore  below  the  muschel  kalkstein. 

Above  this  several  other  rocks  are  enumerated  by  Mr.  Townsend^ 
which  I  have  not  traced.  Over  these  is  the  upper  stratum  of  sand-: 
stone,  which  supports  the  chalk  formation. 

On  the  whole,  I  think  it  appears  that  there  is  very  little  con- 
formity between. the  floetz  senes  of  Werner  and  that  which  occurs: 
in  South  Britain^  but  the  older  formations,  as  far  as  they  are  yet 
known,  coincide  with  his  system.  We  may  observe  that  the  tra« 
vellers,  who  in  distant  regions  of  the  earth  have  been  so  powerfu'lly 
.struck  with  the  conformity  of  geological  phenomena  with  the  ob- 
servations of  the  SaxonProfessor,  as  Humboldt  and  Von  Buch,  have 
chiefly  directed  then*  attention  to  the  older  formations.  I  am  not 
aware  that  any  disciple  of  the  Freyberg  school  has  detected  the 
succession  of  floetz  rocks,  as  detailed  by  Werner,  beyond  the  limits- 
of  Germany. 

But  if  we  are  to  admit  any  reasons  grounded  on  speculative 
V^^ogYf  an  universal  conformity  in  the  primitive  and  transition 
formations  is  quite  as  much  as  can  be  expected.  At  the  period  of 
the  deposition  of  the  last^  the  waters  of  the  ocean  ai^  ^"^^gc^^^  V] 
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Werner  to  have  subsided,  and  to  have  formed  separate  basins  or 
seas.  The  subsequent  deposits  must  have  varied  according  to  local 
circumstances,  Therefore  some  variety  in  the  succession  of  floetz 
rocks  nlher  confirms  than  invalidates  the  Wemerian  theory  of  the 
earth.  1  have  the  honour  to  be,  Sir, 

With  great  respect, 
Your  very  obedient  humble  servant, 

C>U,g.  Or»m.Bn.M,  J.  C.  rniCHABD. 

Mtii  11,  161a. 


Article  VI.  1^1 

Skelch  of  a  General  Theory  of  the  Intellectual  Tunctions  of  Man 
and  Animah,  given  in  reply  to  Drs.  Cross  and  Leach.  By 
Alexander  Wallter.* 

{To  Dr.  Thomson.) 
sue, 
In  the  26th  number  of  your  j4nno/sq/"P/i;7ojo/)fiy,  was  announced 
a  discovery  of  the  use  of  the  cerebellum  and  spina!  marrow  by  Dr. 
Crossj — in  the  27th  number.  Dr.  Leach  stated  "  that  the  same 
fiicts,  or  facts  that  lead  to  similar  conclusions,  were  published  in 
Lettres  de  Hufeland  a  Porlal,  I8O7,  and  Anatomie  du  Systfime 
NerveuK,  &c.  par  Gatl  et  Spursheim ; — in  the  28th  number,  I, 
conceiving  that  Di.  l^cach  meant  to  ascribe  these  discoveries  to  Gall 
and  Spurzheim,  denied  that  they  were  contained  in  the  work  re- 
ferred to ;  t — and  in  the  20th  number,  Dr.  Leach  says,  "  Permit 
me,  Sir,  to  assure  you  that  the  letter  from  Hufeland  to  Portal  con- 
tains precisely  the  same  opinion  respecting  the  use  of  the  cerebellum 
as  that  given  by  Mr.  Alexander  Walker  and  Dr.  Cross;  but  he  there 
adds,  that  he  had  quoted  Gall  and  Spurzheim's  work  only  as  stating 
these  opinions  to  be  erroneous ;  and,  while  he  asserls  that  my 
anatomical  and  physiological  statements  are  "  inaccurate,  suppo- 
sitious, and  at  variance  with  nature,"  he  gives  the  results  of  hit 
own  "  recent  examinations  "  J — the  conclusions  which  he  draws 
after  having  "  carefully  examined  the  structure  of  the  spinal  mass 
of  nerves."  § 

*  Thangh  Ifaii  commDiiiealiMi  ii  ralber  Ido  lung  Tar  Ibc  JunaU  a/  Piitoiefhs,  we 
lavt  giten  it  a  place,  that  pierjr  sne  of  the  GentlrmFii  conreroed  )u  Ihis  diipute 
may  be  upon  a  fonling  ;  but  as  the  object  of  Ihe  jlantls  of  Philasophy  is  nut  ron- 
troveny,  Ibe  Editor  trusts  that  they  trill  see  the  propiiely  of  lettiog  Ihis  subject 
Ksl  mhtrr  it  ii.— T. 

+  Certainly  nhrn  a  Gentlonan  hm  saiil  "  Ihnt  fads  which  le.id  to  similar  cnO" 
cIusioiB  were  publiilied "  in  a  partieular  worL,  meaning  thereby  lo  give  theih 
pritrilS  OTFT  Kiiolher  slalcmFnl,  tt  Is  mnii  nalural  lo  luppnsr  that  such  was  Ibr 
Ariginal  Kiiurce  of  these  faclst  and,  at  all  evrnU,  the  rnncliision  is  iinavoidabl» 
(tiat  Ihey  are  there  ronsidered  as/ocfs — ^the  lenn  which  Dl.  Leach  employs. 

*  ^anah  of  Phllanpli!/,  vol.  v.  p.  316, 

i  Jbid.  p.  345. 
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Now,  Sir^  however,  unimportant  it  may  seem  toDr.  Leach  to 
investigate  tht  origin  of  these  statements,  it  seems  otherwise  to  me, 
who  imagine  myself  to  Iiave  rather  a  deeper  interest  in  them  |  and 
(though,  in  reply  U>  this  Gentleman,  Isfiall  not  imitate  himan  the* 
littleness  of  perpetually  repeating  hb  list  of  Christian  names,  as  he- 
has  done  my  one ;  nor,  ignorant  though  1  am  of  him,  shall  I,  like 
Dr.  Cross,  designate  him  as  one  Dr.  Leach;  for  these  are  tendencies 
to  personality,  which  is  the  bane  of  rational  discussion ;)  yet  I  shall 
blend  the  question  of  the  discoverv  of  these  facts  with  that  of  their 
absolute  truth,  llie  question  of  the  dbcovery  of  the  circulation  of 
the  blood  has  not  been  deemed  unimportant :  I  cannot  reckon  that 
which  regards  the  circulation  of  nervous  action  less  so ;  and  into 
that  question  the  use  of  the  cerebellum  enters.  This,  Dr.  Leach 
will  perhaps  say  is  a  comparison  of  very  little  men  with  great  ones : 
be  it  so;  but  if  is  not  a  comparison  of  very  little  things  with  great 
ones ;  and  to  things  alone  do  I  wish  to  attend.  No  one  will  venture 
to  say,  that  the  general  functions  of  the  brain  and  cerebellum  are 
less  important  than  that  of  the  heart. 

With  regard,  then.  Sir,  to  the  cerebellum,  as  Dr.  Leach,  though 
he  begs  to  be  ^*  permitted  to  assure  you  that  Hufeland  thinks  it  the 
organ  of  volition,''  has  not  quoted  that  writer's  expressions,  or,  what 
is  of  more  Importance  his  reasons  for  such  a  conclusion,  I  cannot 
comment  on  them.  If,  however,  I  mav  judge  of  the  accuracy  of 
this  ascription  to  Hufeland,  by  the  additional  assertion  which  Dr. 
Leach  now  makes  as  to  Willis  also  having  thought  so,  the  conclu- 
sion will  be  most  unfavourable  to  the  Doctor's  accuracy.  Dr.. 
Leach,  then,  adds  that  '^  Willis  considered  the  cerebellum  as  the 
source  of  voluntary  power."  Now,  Sir,  it  is  an  absolute  fact,  that 
Willis  asserts  the  very  opposite  of  this  :  he  says  it  is  the  organ  of 
involuntary  power.  **  The  office  of  the  cerebel,"  says  he,  **  seems* 
to  be  for  the  animal  spirits  to  supply  some  nerves,  by  which  invo* 
bmtary  actions,  which  are  made  after  a  constant  manner  unknown- 
to  us,  or  whether  we  will  or  no^  are  performed."*  And  now,  Sir, 
I  hope  you  will  permit  me  also  to  assure  you,  that  I  am  not  a  little 
surprised  that  any  Gentleman,  after  accusing  another  of  inaccuracy, 
ana  referring  with  such  confidence  to  his  own  **  recent  examina- 
tions,'' slvould  have  made  so  untrue  a  statement,  in  order  xo*ascribe 
to  an  old  author  new  observations.  After  this,  I  should  be  glad, 
indeed,  to  see  Hufeland*s  statement,  and  his  reasons  for  the  con- 
clusion alluded  to ;  and,  should  that  writer  advance  any  proofs  that 
the  cerebellum  is  the  organ  of  volition,  or  rather  of  those  impulses 
which  cause  all  muscular  action,  I  shall  of  course  readily  resign  to 
him  the  honour  or  disgrace  of  the  opinion,  and  shall  only  regret 
that  my  reading  has  not  been  as  extensive  and  as  ^^  accurate  "  as 
th^t  of  Dr.  Leach. 

I  am  willing,  however,  to  grant  something  in  favour  of  Willis  :— 

*  On  the  Brain,  cbap.  xv. 
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he  was  right  in  as^ignine  to  the  cerebellum  the  involuDtary  motions; 
but  erred  id  excluding  the  voluntary  ones;  for  the  cerebellum  is  the 
source  of  all  motion,  voluntary  nnd  involuntary,  as  J  shall  show  in 
tiie  sequel :  while  it  is  the  source  of  every  impulse  on  the  muscular 
system,  voluntarily  is  changed  into  involuntarily  only  by  ganglia  on 
the  cerebellic  nerves.  I  must,  however,  remark,  that  even  if 
Willis  had  staled  that  which  is  accurately  true,  and  grounded  his 
statements,  as  he  has  done,  only  on  conjecture,  or  on  proofs  which 
do  not  deserve  the  name,  I  should  not  have  thought  of  yielding  to 
him  the  merit  of  observing  this  truth  j  for  even  then  he  would 
equally  have  proved  that  "  the  dura  mater  administers  heat  for  the 
distillation  of  the  spirits,"  "  that  the  pia  mater  does  hy  chemical 
artifice  instil  the  animal  spirits  into  the  brain  and  cerebe!,"  and  in- 
numerable other  absurdities — all  of  which,  as  well  as  this  one,  he 
supports  by  ridiculous  conjecture,  and  not  by  argument.  Even 
truth,  however,  if  struck  out  only  hy  wild  conjecture,  and  unsup- 
ported hy  proof,  would  not  constitute  discovery  :  the  mental  effort 
of  ralional  conjecture,  and  the  personal  one  of  "  careful  examina- 
tion" would  still  remain  to  be  performed  by  some  one  who,  if 
successful,  would  certainly  deserve  the  honour  as  well  as  the  labour. 
And  now,  Sir,  I  can  furnish  Dr.  Leach  with  a  quotation  from  the 
great  work  of  Baron  Hallcr — a  more  recent  and  a  better  writer 
than  Willis,  which  will  he  just  as  much  to  his  purpose  as  his  own 
"  accurate  "  reference  to  Willis ;  but  which  1  nevertheless  deem  it 
necessary  to  slate,  in  order  that  the  history  of  this  important  ques- 
tion may  be  completely  before  the  reader.  "  Convulsiones  artuum," 
says  he,  "  constantcr  vidimus  in  animalibus  superveuisse,  quorum 
cerebellum  vulneraveramus. — Et  de  convulsion! bus  diciwn  est,  quae 
sunt  musculorum  voluntariorum.  Ex  ccrebello  etiam,  si  ullus, 
quiotus  seiisui  destinatus  et  voluntario  mol/n  nervus  prodit.  Quare 
cotieclh  omnilnts,  videtur  cerehelium  et  a  cerehro  nacienns  parvm 
difieire,  et  graves  in  utrovis  Isesiones  mortem  inferre,  leviores  in 
utroque  tolerari.  Deinde  cerebrum  ad  vitalia  organa  et  senltenlem 
▼im  et  movenlem  mittore,  et  ad  partes  mentis  arbitrio  suhjectas  eere- 
fcellum."  Here,  then,  it  appears  that  Haller,  after  proceeding 
upon  an  "it  is  said"  as  to  the  convulsion  of  the  voluntary  muscles; 
observing  that  the  fifth  pair  coming  from  the  cerebellum  is,  how- 
ever, destined  both  to  sense  and  motion;  and  thinking  thatj  upon 
the  whole,  the  cerebellum  in  so  far  differs  little  from  the  cerebrum, 
—it  last  concludes  that  the  cerebrum  seems  to  send  both  feeling 
and  moving  power  to  the  vital  organs ;  while  the  cerebellum  sends 
1)oth  feehng  and  moving  power  to  the  parts  which  are  subject  to  the 
will.  Now,  from  this,  I  differ  by  asserting,  that  the  cerebrum  sends 
neither  sensation  nor  motion  to  any  part,  but  merely  receives  sen- 
sation from  the  organs  of  sense;  while  the  cerebellum  has  not  only 
nothing  lo  do  with  sensation,  as  Haller  erroneously  asserts,  but 
sends  motion  both  to  the  voluntary  and  to  the  involuntary  parts— 
or,  in  other  words,  both  to  the  mechanical  or  locomotive,  and  to 
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tbe  vUal  or  nutritive  systeiii,  which  Haller  inaccurately  eKc|odi^ 
from  its  influence.  The  motions  of  the  vital,  are,. however,  not  leas 
ioipprtant  than  those  of  the  locomotive,  system. 

lite  term  volition,  however,  may  be  still  applied  to  the  function 
of  this  organ,  whether  voluntary  or  involuntary  action  be  its  result^ 
because  the  impulse  of  the  cerebellum  on  which  they  both  depend 
11  one  and  the  same,  and  the  involuntarity  is  a  modification  of  that 
impulse  or  of  its  effects  produced  only  by  ganglia  on  certain  fibrils 
of  the  cerebellic  nerves.  This  extended  meaning  of  the  word 
volition  k  perfectly  analogous  to  that  of  the  term  sensation ;  for 
diough  sensation  does  not  exist  separately,^  except  in  those  animals 
which  have  no  sensorium  commune, — though,  in  man,  it  is  inse- 
parable from  perception,  yet  still  is  the  simple  term  sensation  em- 
ployed. An  improved  nomenclature,  however,  or  an  extension  of 
the  very  admirable  one  of  Dr.  Barclay,  would  perhaps  give  us  neviT 
terms  in  both  cases. 

I  have  now  said,  in  opposition  to  the  statement  of  Haller,  that 
the  cerebrum  sends  neither  sensation  nor  motion  to  any  part  external 
to  the  encephalic  cavity ;  and,  as  Df.  Leach  says,  I  have  ^^  neglected 
to  take  any  notice  of  the  cerebrum,''  and  seems  to  demand  what 
«se  I^assign  to  it,  I  may  ^^  assure  him ''  that  there  still  remain  very 
important  uses  for  it  to  serve;  and  as  the  Doctor,  not  having  sub* 
niitted  them  to  any  ^*  recent  examination,^  is  perhaps  less  familiar 
with  these  particular  functions,  I  may  hint  to  him,  that  they  are--* 
observation,  reflection,  and  judgment. 

1  shall  now,  Sir^-  state  some  of  my  reasons  for  asserting,  that  the 
organs  of  sense  being  those  of  sensation,  and  the  cerebrum  that.of 
mental  operation,  the  cerebellum  is  the  organ  of  volition,  or  rather . 
of  all  the  motions  of  animals,  voluntary  and  involuntary. 

1.  There  are  three  distinct  intellectual  organs  or  classes  of  intel- 
lectual organs,  namely,  the  organs  of  sense,  the  cerebrum,  and 
the  cerebellum.— That  the  cerebellum,  though  separated  from  the 
cerebrum  only  by  membranes  in  man,  is  not  on  that  account  leaa 
distinct  from  it  than  are  the  organs  of  sense  separated  by  bony 
plates,  is  rendered  evident  by  the  consideration,  that  membranes 
rorm,  in  the  one  case,  as  efiectual  a  separation  as  bony  plates  do  ia 
the  other;  that  many  animals^  have  a  bony  tentorium  between 
the  cerebrum  and  cerebellum,  as  they  have  bony  plates  between  the 
cerebrum  and  face ;  and  that  others  (birds)  have  membranes  be- 
tween the  cerebrum  and  face,  as  they  have  a  membranous  tento-  . 
lium  between  the  cerebrum  and  cerebellum. 

2.  There  are  three  distinct  intellectual  functions  or  classes  of  in-t 
tellectual  functiond,  namely,  sensation,  mental  operation,  f  and 
volition. 

S.  Of  the  organs,  those  of  the  senses  are  the  first,  the  cerebrun^ 

*         * 

*  Viz.  most  species  of  the  cat  and  bear  kind,  the  martin  (muttela  marteij^  the. 
coftita  (ttrcopitMMCut  paniscus)^  and  others. 

f  Inclodiog  observation,  r^ect^on,  and  judgment,  and  the  tabordlnaAA^vm 
ties  analjrstd  by  Gall  and  Sjpnrzheim. 
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intermediate,  and  the  cerebelhcm  the  last. — For,  alihough  llie  face, 
coniaining  the  organs  of  sense,  and  the  cerebellum,  are,  in  diflerent 
animal;,  very  differently  placed  with  regard  to  the  cerebrum,  yet 
ihere  is  a  peculiar  relation  between  the  situation  of  one  of  these  and 
that  of  the  other  with  regard  to  it.  In  oiht'r  words,  although  the 
face  is  soinetime§  In  one  situation  and  sometimes  in  another  with 
relation  to  the  cerebrum,  yet  to  each  given  variation  of  its  situation 
with  regard  to  tliat  body  there  is  a  corresponding  and  uniformly 
accompanying  variation  in  the  situation  of  the  cerebellum.  Thus 
as,  in  man,  the  face  is  placed  below  the  anterior  part  of  the  cere- 
brum, so  is  the  cerebellum  placed  below  its  posterior  part ;  and 
precisely  as,  in  the  inferior  animals,  the  faee  advances,  precisely  so 
does  the  cerebellum  recede,  till,  in  those  animals  in  which  the  face 
is  placed  exactly  before  the  cerebrum,  the  cerebellum  is  placed 
exactly  beliind  it.* 

A.  Of  x\\e  Junctium,  sensation  is  the  first,  mental  operation  in- 
termediate, and  volition  the  last. — That  sensation  precedes  and  ex- 
cites, if  it  do  not  generate,  m^tal  operation,  few  will  deny  :  that 
mental  operation,  however  rapid  or  evanescent,  precedes  and  ex- 
cites volition,  or  that  the  motive  to  an  action  must  precede  the 
sction,  none  will  refuse  :  and  that,  of  any  one  series  of  intellectual 
xction,  volition  is  the  last  stage,  oil  must  admit, 

5,  As,  then,  the  cerebellum  is  the  last  of  the  intellectual  orgoiu, 
and  volition  the  last  of  the  intellectual  J'umiioirs,  and  as,  at  the 
*ame  time,  there  is  no  organ  without  function,  or  function  without 
or^n,  it  follows,  that  the  cerebellum  must  be  the  organ  of  volition. 

fa'.  In  perfect  conformity  with  this  truth,  the  inferior  animals, 
howewer  defective  in  intellect,  possess  motion ;  and,  in  almost  all 
of  them  which  have  any  visible  nervous  system,  a  cerebellum,  the 
organ  of  that  motion,  exists. — This  leads  me  to  an  obsen-ation 
which  seems  to  me  to  possess  considerable  interest  and  beauty.  As 
we  descend  among  animals,  one  of  the  three  portions  of  the  nervous 
system  and  one  of  its  three  general  functions  gradually  disappear.' 
Now  it  is  not  the  6rst  and  the  last  portions  of  the  nervous  system^ — 
it  is  not  the  organs  of  sense  and  the  cerebellum,  neither  is  it  their 
respective  functions,  sensation  and  volition,  which  are  thus  lost.  It 
is  the  cerebrum  and  mental  operation  which  are.  This  organ  is, 
among  men,  most  conspicuous  in  the  Caucasian  race;  and  we 
accordingly  find  that  that  race  alone  has  cultivated  the  sciences.  It 
f»  less  even  iii  the  Mongol  and  Ethiop,  who  have  ever  disregarded 
them.  Jt  gradually  disappears  and  ultimately  evanishes  as  We 
descend  among  quadrupeds,  birds,  reptiles,  fishes,  &c.  and  with  it 
gradually  disappear  and  ultimately  evanish  the  powers  of  thought. 
But  organs  of  sense  and  a  cerebellum, — sensation  and  volition,  yet 
-Femttin  to  characterize  myriads  of  animals  below  these. 

nvily,  morpdver,  wrm*  nnifomil^  In  cnnrnimcr  on  the  Inflde 
"  t  otipmiie  t*  thr  pUce  whrr«  (ti«  fnce,  or  tlw 
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7«  This  truth  receives  new  confirmation  when  we  observe,  that 
the  degrees  of  voluntary  power  always  bear  a  close  analogy  to  the 
various  magnitudes  of  the  cerebellum.  In  fishes^  fpr  instance, 
which  possess  amazing  locomotive  power,  the  cerebellum  is  often 
larger  than  the  cerebrum ;  and  they  sometimes  possess  an  addi« 
tional  tubercle,  which  seems  to  Cuvier  to  form  a  second  cere* 
bellum ! 

In  the  statement  of  these  reasons.  Dr.  Leach  will  find  obviated 
any  quibble  which  might  be  founded  on  the  various  meanings  of  the 
word  *  opposite '  which,  for  the  sake  of  brevity,  I  formerly  used* 
Thev  will  also  enable  the  reader  to  correct  Dr.  Cross's  representatioa 
of  them. 

Dr.  Leach,  then,  endeavours  to  prove,  that  there  is  no  propor- 
tion between  the  various  magnitudes  of  the  cerebellum  and  the 
degrees  of  voluntary  power. — ^The  cerebellum,  he  says,  is  propor-- 
tionally  smaller  in  children  than  in  the  adult,  and  yet  children  have 
more  of  muscular  agility  than  adults.  Now,  if  by  agility  On 
Leach  means  that  their  voluntary  powers  are  stronger,  I  unhesitat- 
ingly deny  it ;  and  if  he  do  not  mean  this^  his  example  is  inappii-* 
eable :  the  truth  is,  he  does  not  take  into  consideration  the  evar 
nescent  action  of  children  and  the  permanent  and  sustained  action 
of  adults. — A  shark,  he  savs,  which  has  the  greatest  locomotivje 
power,  has  a  remarkably  minute  cerebellum.  Now  this  instance  is 
as  inapplicable  as  the  last ;  for  I  have  nowliere  asserted  the  greater 
absolute  magnitude  of  the  cerebella  of  fislies ;  but  have,  in  distinct*, 
terms,  asserted  their  greater  proportional  magnitude. — ^The  same: 
answer  applies  to  Dr.  Leach's  third  example  of  the  swallow. 

That,  contrary  to  Dr.  Leaeh's  assertion,  this  is  a  *^  general  prin^- 
ciple,'-  is  sufficiently  proved  by  this,  that  if  our  considerations.  \m: 
general-^if  wc.  conipare  the  cerebella  of  birds  with  those  of.  quad-, 
nipeds,  we  find  the  former  larger  in  proportion  to  the  brain  con- 
sistently with  their  more  intense,  frequent,   and  rapid,  vohmtarf- 
xiption ;  and  if  we  compare  the  cerebella  of  fishes  with  those  oif 
birds,  ftt  find  the  former,, |n  both  these  f aspects,  exc^  the  latter/. 
But  if  we  enter  into  vaove  particular  examinations — if  we  cofppase 
these  parts  in,  the  genera  and  species  of  animals,  as  Cuvier  has- 
done,  our  observations  mu^t  be  more  particular  than  his-rwe  must 
attend  not  only  to  the  general  magnitude  of  tiie  organs,  but  to  their •. 

rirticular  form;  fbr  (1  now  repeat  an  important  fact  which  I,  prior 
believe  to.any  other  person,  announced  some  years  ago,)  *f  on  the 
kngtii  of  the  cerebral  organs  depencls.  the  intensity  o^  their  fuirc*': 
tion,  and  on  the  breadth  of  these  organs  the  permanence  of  tbeir. 
function.''  As  liquidsi  pass  wkh  greater  velodty  througli  the. narrow, 
portion  of  a  tube  than, through  its  wider  parts,  precisely  so  must  all 
nervous  action  pass  between  tlie  partetes  of  the  organs— the  .tubes :. 
of  the  neurilema,  whether  that  action  })e  performed  by  flij|ids,  by 
liquids,  or  by  globules,  as  proved  by  Prochaska  and  others.    That 
the  nervous  matter  is  thus  laterally  confined  by  the  neurilema,  is . 
jl^roved  by  tbe  circumstance  of  tbe  ends  of  nerves  «x.^^div:ij^  ^\u^ 
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eut ;  and  they  arc,  ilicrefore,  in  so  far  subject  to  similar  laws  with 
liquids  coutained  in  tubes.  *^ 

It  is,  tlieo,  from  Cuvier's  not  distinguishing  iwtweea  the  height 
md  the  breadth  of  the  organs,  and  their  corresponding  intensity  or 
prnnancnce  of  foociion,  that  his  comparison  of  roan  and  the  butt, 
and  hi^  scale  in  genera),  which  Dr.  Leach  has  quoted,  is  of  dimi- 
nished value,  and  quite  inapplicable  to  the  present  question.  This 
curious  and  important  fact  may  be  illustrated  even  from  the  classes 
of  animals;  for  the  laterally  compressed  and  high  cerebellum  of 
birds  corresponds  admirably  with  the  inlenimj  of  ibeir  voluntary 
powers,  and  the  depressed  and  ^ai  cerebellum  of  the  turtle,  frog, 
salamander — in  short,  of  all  the  slow  but  long  moving  reptiles, 
equally  corresponds  with  the  permanence  of  liieir  voluntary  power. 

In  reply  to  Dr.  Cross's  last  observations  (in  the  iiOth  iiumlier  of 
the  Amiah),  [  need  say  little  indeed.  The  strongest  argument 
which  he  adduces  in  refutation  of  the  preceding  doctrine,  is  the 
ironical  application  of  the  words  "  logical  and  sapient,"  and  the 
direct  one  of  the  words  "  absurd  and  groundless."  Now  whether 
Dr.  Cross's  authority  in  matters  of  science  is  sufficient  to  render 
such  words,  when  used  by  iiim,  the  very  death -iff  arrant  of  a  new 
doctrine,  I  am  jierfeclly  ignorant ;  but,  with  me,  even  much 
higher  authority  than  the  Doctor's  would  not  constitute  proof.  Dr. 
Crass  adds,  "  tnat  volition  ranks  among  tiie  faculties  of  the  mind, 
whose  organ  is  the  cerebrum  ;  "  and  so  far  as  authority  in  general 
and  the  authority  of  Dr.  Cross  in  particular  goes,  this  is  another 
proof  of  tlie  falseness  of  my  doctrine.  The  Doctor,  however,  fur- 
ther adds,  "  that  alfections  of  the  cerelirum,  while  the  cerebellum 
remains  sound,  produce  palsy,  which  1  humilt/  submit  is  just  a  loss 
of  volition."  At  last,  then,  the  Doctor  does  give  us  an  argument; 
and  as  it  is  a  solitary  one,  and  follows  so  much  of  mere  authoritative 
determination,  it  must  do  doubt  be  so  triumphant  that  the  *'  humble 
sobmission"  which  the  Doctor  forgot  when  adducing  his  authority, 
but  so  generously  appends  to  his  proof,  must  be  intended  only  to 
enhance  talent  by  modesty,  and  to  heighten  triumph  by  moderation. 
This  ia  certainly  very  fine  j  and  it  involves  only  one  little  awkward 
drcumstance,  which  is,  that  while  the  Doctor's  proof  consists  of 
two  propositions,  it  presents  precisely  as  many  errors  !  "  Affections 
of  the  eerebrum,"  saj's  he,  "  while  the  cerebellum  remains  sound, 
produce  palsy ; "  and  hence  he  means  to  conclude  that  palsy  which 
he  deems  a  loss  of  volition,  and  consequently  volition  itself  is  de- 
pendent 00  the  cerebrum,  and  not  on  the  cerebellum  :  indeed  he 
actually  says  so  in  the  preceding  portion  of  the  same  sentence;  thus 
placing  the  Induction  (logically  no  doubt)  before  the  datum,  and 

*  It  Ib  prrha|is  slsn  f^r  the  same  rratnn,  thai,  in  a  galiank  haUrry,  tlie  io- 
IM9il}>  fl  its  arriun  leetns  ta  coricB|iond  willi  the  number  of  (lir  |)IbIi!)  (for  the 
^■ting  power  in  «  the  DDmber),  and  th«  permanence  at  its  nclinn  wi(b  the  niae~ 
Bltnde  of  Ibe  plain.  Apcordinglj',  M.  de  Loc  observes  tbat  the  numtwr  of  the 
fllalei  i«  aDnlii|;«ui  in  i\K  length  nf  a  pump  Tor  ralilng  w.tler;  and  llie  size  of  lb* 
pialts  li  BDuIo^aiJ^  (D  ihc  ciagnitude  of  ibe  tiaie  of  the  pump. 
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reduciilg  it  to  a  mere  assertion.  The  conclusion,  however,  is  in- 
accurate ;  for  even  if  palsy  were  jtist  a  loss  of  volition,  it  would  be 
by  no  means  wonderful  if  the  functions  of  the  cerebellum  were  de- 
ranged by  an  injury  of  the  cerebrum^  since  two  immediately  con- 
tiguous and  intimately  connected  organs  must  powerfully  influence 
each  other.  Dr.  Cross  must  be  aware  that  even  remote  organs 
evidence  this  sympathy ;  and  it  may  even  to  himself  have  happened, 
that  a  deranged  state,  for  instance,  of  the  Doctor's  bowels  may  have 
caused  an  aflection  of  his  head ;  but  surely  the  Doctor  would  not 
tibierefore  conclude  that  the  cause  of  the  derangement  was  in  his 
head.  Just  so  it  is,  that  no  derangement  of  volition  caused  by 
injury  of  the  cerebrum  is  any  proof  that  the  cerebrum  is  the  seat 
of  volition.  So  much  for  one  half  of  the  Doctor's  proof.  In  the 
other,  he  humbly  submits  that  palsy  is  just  a  loss  of  volition.  I 
reply  that  palsy  is  no  such  thing ;  and  as  the  Doctor  is  fond  of  logic^ 
I  shall  give  him  my  proof  in  a  logical  form. — We  cannot  be  con- 
scious of  any  mental  act  unless  that  act  exist ;'  but  volition  is  a 
mental  act  of  which  the  patient  is  conscious  in  palsy ;  therefore 
palsy  is  not  Jtist  a  loss  of  volition ! 

Having  thus,  I  believe  satisfactorily,  replied  to  the  Doctor's 
argumeut  against  me,  I  must  notice  the  claim  which  he  sets  up  for 
himself.  He  has  discovered,  he  says,  that  '^  the  cerebellum  sup* 
plies  the  face  with  nervous  energy ; "  and  of  me  he  asserts  "  that 
there  is  not  even  the  smallest  hint,  from  the  beginning  to  the  end  of 
hb  tract,  that  could  at  all  lead  in  the  smallest  degree  towards  this 
discovery/'  Now  as  that  and  the  succeeding  tract  show,  in  great 
latitude  and  detail,  that  all  muscular  parts  are  supplied  with  nerves 
from  the  cerebellum  or  the  posterior  columns  of  the  spinal  marrow, 
and  more  especially  that  all  those  encephalic  nerves  which  supply 
muscles  of  this  face  have  at  least  one  ongin  directly  from  the  cere» 
lellum.  It  is  difficult  to  conceive  how  any  Gentleman  could  venture 
to  makie  so  anxiously  tautologous  and  obviously  untrue  an  assertion 
as  the  preceding.  In  these  tracts,  I  have  said,  ^^  Like  these  (the 
spinal  nerves),  all  the  encephalic  nerves  have  two  portions — a  cere* 
bral  and  a  cerelellic,  except  the  first,  second,'^  &c. — p.  IJB  ;  and 
^^  The  transverse  bands  (these  are  the  pons  varolii,  the  narrower  and 
flatter  band  of  Spurzheim  immediately  below  it,  and  the  much 
broader  and  radiating  but  perfectly  flat  band  below  that,  which  was 
£rst  ppinted  out  by  myself)  seem  uniformly  to  serve  tlie  purpose  of 
toonductipg  the  cerelellic  origins  of  the  nerves ;  **— :p.  1 79.  With 
regard  to.  that  encephalic  nerve  in  particular  which  is  by  way  of  pre- 
eminence nhtnedfacialy  I  have  demoqstrated  the  remarkable  course 
of  its  two  portions,  cerebral  and  cerebellic,  overlooked  by  all  other 
anatomists — ^p.  148;  and. I  have  done  thersannie  with  regard  to  seve- 
ral other  nerves.  These  I  think  are  proofs  sufficiend;^  ample  to 
show  how  far  the  face  (though  opposed,  in  the  sense  above  ex- 
plained, to  the  cerebellum,  that  is  in  so  far  as  it  contains  the  organs 
yf  sense,  and  not  as  it  U  furnished  with  muscles)  is  yet  de^e,wd<^T^ 
'm  the  cerebellum  for  the  supply  of  its  mu3cu\ax  p^XA%  n[\^<^^  w^^^Hsk 

V6l.VI.NPL  ^      C 


it; 


fm  iforsai  fftssel. 
I  adduced  six  yea«  ago  ;  and  yet  Dr.  Cross  felh  me  t  have  not  said 
one  word  of  ilie  cerebellum  receiving  nervoui  energy  from  the  faoe, 
byt  that  he  has  now  made  the  discovery  1  Though,  hotvever,  the 
muscles  of  the  face  thus  receive  motive  energy  from  tlie  «erebeKum, 
not  one  of  its  sensitive  nerves  are  derived  (Voai  it ;  for  even  the 
^ditory  nerve,  after  crossing  the  corpora  restifcrmia,  ascpnds  to  the 
ceretirutai.  As,  then>  the  face  receives  only  motivt-  and  not  sensitive 
"lergy  from  the  cerebellum,  and  as  I  proved  this  six  years  ago,  I 
iljnOt  divine  to  what  diicoverj  it  is  that  Dr.  Cross  on  this  suhject 
itClends. — Having  thus  done  justice  to  myself  by  ex])osiag  thi?  (i 
Lire  say  unintentional)  plagiarism,  I  leave  it  t«  lome  friend  of  Dr. 
trawfbtd's  to  dp  hira  similar  justice  wkli  regard  to  IJr,  Cross'* 
^harcoal  hypothesis  of  respiration. 
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msfitTKfiioru  oii  the  Uses  of'  ihe  Dorsal  Vessel,  or  on  the  T^^nca 
Pjhkh  tlifi.  ll^ar't  eier.ci^s  in  iJif  Org/j^jzatii/n  of  ardQitlate^ 
»,,  j^HTHoift  <^  f"  'Ae  Ck^ges  Ui'hich.  lliat  Organization^  sxii^ 
W%,^ie^e^  JVJi&n  the  Htar.1  or  the  Or^aa  of  Circidat,ion  ceases 

i,^3^i.    ^y,  itif  ]ilarcel  d*  %rres. 

{Concluded  from  Vol.  V.  |),.  3T9,) 

.  Respirallon  i«  the  Air  hy  means  of  Tubular  Trachei^. 

Division  1. — Only  Arterial  Tracheen, 

Pulmonary  trachese  exist  in  the  greater  number  of  the  caleop- 

teres  ;  but  there  are  certain  genera,  as  the  cerarabyjt,  blaps,  and 

Oiost  of  tenebrunides,    in    which  they  are  not  observed.      These 

icheie  take  air  immediately,  forming  round  the  stigmata  very 

[Omerous  bundles.     But  thai  a  communication  m;iy  be  established 

long  all  the  iracheie,  there  exists  a  common  trunk  which  extends 

ftom  one  stigma  to  another,  and  which  opens  in  that  part.  It  is 
froc^  this  cotnmoQ  trunk  that  these  numeroiis  bundles  proceed,  of 
whicfi  we  have  spoken,  and  which  distribute  the  air  to  all  parts  of 
the  body.  The  direction  of  the  tracheas,  then,  is  almost  always 
transvenal.  As  these  vessels  issue  in  bundles  from  a  common  trunk, 
they  present  in  some  measure  the  disposition  of  a  horse's  tail,  hi 
the  'genera  of  vvhiph  we  are  speaking,  the  trachee  ara  very  nume- 
rous in  the  breast  j  to  sucli  a  degree,  indeed,  that  they  almost 
cover  the.  muscles  of  that  part.  We  see  them  al!  presenting  a 
tranivcrsal  direction.  As  thCy  are  very  near  each  other,  they  form 
on  the  rautclcs  parnllcl  streaks,  so  very  close  together  that  it  is  with 
(ftffctf/rc  tbu'.any  interval  at  a|l  can  be  seen  between  them.     Tfapsfl 
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ps^tQitl  tra^he^^  proceed  from  the  comoioD  trunk,  which  takes  up 
«ir  is  die  first  stigmn  of  the  abdomen. 

In  geoeral  the  arterial  tracheie  are  vjery  much  branched,  and  give 
Qut-ttB  iQiinite  number  oi  ramifications.  This  dispojjition  is  very 
strikkig  in  the  genera  of  which  we  are  speaking,  and  which  are  dis<^ 
tinguished  by  the  position  of  their  stigmata.    These  stigmata  art 

Iibioed  belgw  the  eiylres,  and  on  the  sides  of  the  body  in  the  back. 
t  may  be  owing  to  tlie  difficulty  which  the  air  finds  to  introduce 
itself  into  these  stigmata,  especially  when  they  are  concealed  below 
imoaoveable  elyireSf  as  in  the  hlaps,  that  the  arterial  tracheae  are  w 
disposed  that  all  parts  of  the  body  speedily  enjoy  the  infiuence  of 
Ihe  air.  These  stignrmta  are  formed  in  the.  common  way  by  a 
jiitting  out  borny  border  of  considerable  thickness.  Their  opening 
is  oval,  and  their  greatest  diameter  is  in  a  transverse  direction,  h 
is  easy,  by  opening  them,  to  perceive  the  common  trunk  of  the 
arterial  traohess,  which  opens  there.  The  disposition  of  the  arterial 
tracheaa  in  the  cebrio  longicamis  is  almost  the  same  as  in  that  which 
we  have  just  described. 

In  the  plialangium  and  analogous  genera,  only  a  single  order  of 
tiacheaB  is  observed.  The  respiratory  system  in  these  genera  may 
be  considered  as  formed  of  common  trunks,  which,  situated  in  the 
oeek,  lure  the  centre  from  which  all  the  other  ramifications  proceed. 
These  common  trunks  are  found  near  the  stigmata,  to  which  they 
send  a  branch )  and  from  this  point  proceed  two  bundles  of  tracheso, 
which  spread  over  all  the  body,  especially  the  intestinal  viscera. 
We  see  even  that  they  surround  each  appendix  of  the  intestinal 
tube,  and  their  first  membrane  is  in  part  formed  of  these  tracheie. 
The  eommon  trunks  continue  thus  along  the  sides  of  the  body, 
giving  out  dtfierent  brandies  to  the  musctes  of  the  kgs,  to  the 
mouth,  to  the  dorsal  vessel,  and  to  the  organs  of  generation.  This 
respiratory  system  is  one  of  the  simplest.  Only  two  stigmata  exist, 
piAced  on  each  aide  of  the  corcelet,  on  the  same  line  as  the  fourth 
pair  of  1^.  These  stigmata  are  oval,  the  greatest  diameter  pro- 
ceeding fmm.hriow  upwards.  Internally  we  see  that  they  have  a 
border  pretty  strong.  They  are  very  large^  compared  to  the  size  of 
the  body. 

The  hrvtt  of  lepidopteres,  or  caterpillars,  have  likewise  nothing 
but  arterial  tracheae*  Lyonnex,*  to  whom  the  anatomy  of  insects 
is  so  much  indebted,  had  already  remarked  this  fact.  However,  I 
tbongfat  it  wonh  verifying  in  the  caterpillars  of  different  butterfl^^ 
especially  in  those  of  the  cabbage  and  of  fennel ;  in  the  larvte  of  the 
homhyx  ptwonia  major^  mori^  and  in  that  of  the  sphinx  airopos.  In 
all  these  I  found  only  arterial  trachese.  When  there  are  only  arterial 
traches^  we  see  thtm  alwaysfo^maed  by  a  common  trunk,  which 
opens  into  the  stigmata,  ara  from  which  numerous  ramifications 
pvoeeed^  which  are  distributed  to  all  parts  oS  the  body.  This 
cgmiDOD  trunk  extends,  from  one  extremity  of  the  body  to  another, 
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'ft"  ike  Uiei  of  the  Dorsal  Vessel. 
Snd  its  diaraeler  U  at  least  a  miUimetre  (003937  intli) ;  sometimes 
it  is  even  snore  cutididerable.  ^t  is  from  tiiis  commoo  trunk  that  the 
bundles  of  transverse  tracheae  always  divided  into  pairs  proceed; 
(he  ramification*  of  which  are  generally  unequal.  Tlie  number  of 
these  bundles  of  tracheee  is  always  twice  that  of  the  stigmata,  as  two 
always  proceed  from  eacti  stigma. 

.■  The  insects  which  respire  air  immediately,  and  which  have  only 
Kterial  tracheas,  are  those  in  which  the  respiratory  system  is  sim- 
plest. The  species  in  wliich  this  disjNKition  exists  require  to  enjoy 
the  influence  of  air  as  speedily  as  possible.  Hence  it  is  distributed 
almost  as  soon  as  it  is  received. 

>  The  pulmonary  tracheaB  of  the  scarites  gigas  originate  above  the 
cerebriform  ganglion  by  a  transversal  branch,  from  whith  proceed 
ramifications  to  the  upper  lip,  the  anlennee,  and  the  ejes.  This 
branch  is  prolonged  in  the  head  by  two  principal  trunks,  which 
extend  in  the  corcelet,  and  then  in  the  rest  of  the  body.  These 
trunks  having  readied  the  corcelet,  form  on  each  side  of  the  dorsal 
vessel  a  kind  of  semicircle,  giving  out  numerous  ramifications  to 
the  dorsal  vessel  and  the  surrounding  muscles.  The  pulmonary 
trunks,  when  they  reach  the  breast,  approach  the  dorsal  vessel 
more  and  more,  forming  on  each  side  erismes,  semicircles,  from 
.the  centre  of  which  proceed  the  branches  that  form  a  communica- 
tion between  the  pulmonary  and  arterial  tracheie.  The  common 
pulmonary  trunks  continue  in  the  same  manner  in  the  abdomen. 
where  they  form  afterwards  rings  in  semicircles,  from  which  proceed 
the  principal  branches,  which  form  a  communication  between  them 
and  the  arterial  trachese.  As  to  the  branches  that  come  from  the 
internal  side,  they  all  go  to  the  dorsal  vessel  and  the  muscles  that 
surround  it.  In  this  place  the  pulmonary  trunks  never  acquire  a 
large  diameter. 

The  trunks  nf  the  arterial  tracheie  rise  helow  the  cerebrum  by 
two  principal  branches,  which  distribute  themselves  over  the  man- 
dibles, and  the  different  paits  of  tiie  mouth.  These  branches  have 
a  very  considerable  diameter,  and  a  reddish  colour.  When  they 
come  to  the  corcelet,  they  unite,  and  form  only  one  trunk.  After 
this  they  send  a  large  branch  to  the  first  pair  of  legs ;  while  from 
their  interior  side  they  send  branches  to  the  trunks  of  the  pulmonary 
tracheae,  and  to  the  intestinal  tube.  The  same  thing  takes  place  in 
.the  thorax.  These  tracheee  diminish  somewhat  in  size  in  the  abdo- 
men, and  keeping  always  at  the  side  of  the  body,  the  external 
branches  go  to  the  stigmata,  while  the  interna!  surround  the  intes- 
.  tinal  tube  and  the  organs  of  generation  with  a  fine  network  of  tra- 
cheae. The  common  trunks  form  from  ring  to  ring  semicircles, 
always  furnishing  the  branches  of  which  we  have  spoken.  We 
observe  that  from  each  semicircle  formed  by  the  arterial  traehefe 
there  issue  two  long  cylindrical  tracheae,  which  ramify  to  infinity 
on  the  intestinal  tube  and  tlte  organs  of  generation.  There  are  fevr 
species  in  which  these  trachete  are  more  distinct  or  extensive.  In 
gkneraJ  the  abdonnna\  tracheee  are  of  a  silvcr-wliiic ;  those  of  the 
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corcdet  have  a  shade  of  red.  The  stigmata  of  this  species  placed 
upon  the  ioferior  sides  of  the  abdomea  are  rouhded  and  bordered  by 
a  ^lliant  fold  of  the  coreaceous  envelope. 

Several  of  the  orthopteres  exhibit  at  once  arterial  and  pulmonary 
tracheae.  Of  this  number  are  the  forficuln^  blatt®,  phasmes, 
mantes,  achetes,  locustae^  mole  crickets*  But  as  these  tracheae  are 
not  similar  rn  different  genera,  and  as  their  complication  is  not 
quite  the  same,  we  shall  make  them  known  in  those  in  which  it 
presents  the  greatest  peculiarity. 

The  respiratory  organs  of  the  forficulae  and  blattae  present  little 
difference.  They  are  composed  of  a  system  of  arterial  tracheae 
formed  by  a  common  trunk,  which  extends  from  one  extremity  of 
the  body  to  another,  and  into  which  transversal  tracheae  pass,  which 
are  distributed  in  a  great  number  of  parts.  In  the  head  they  furnish 
the  ramifications  to  the  principal  muscles,  especially  to  the  adduc- 
tors and  abductors  of  the  mandibles  and  oesophagus.  They  then 
extend  in  the  corcelet  by  two  principal  trunks  which  lie  below  the 
pulmonary  tracheae,  but  which  soon  divide,  giving  out  numerous 
ramifications  to  the  muscles  of  the  corcelet,  to  the  intestinal  tube 
and  the  first  pair  of  legs.  The  principal  trunks  continue  to  the 
thorax,  keeping  on  the  sides  of  the  body.  They  then  send  a  pretty 
large  branch,  which  passes  into  the  opening  of  the  tremaer,  to  take 
up  the  air  which  other  ramifications  distribute  in  the  muscles  con« 
tained  in  the  thorax,  and  in  those  of  the  wings  and  legs.  It  ap* 
peared  to  me.  that  the  arterial  tracheae  furnished  in  the  corcelet  and 
thorax  branches  which  spread  in  the  legs,  where  they  give  out  a 
much  greater  number  of  ramifications  than  the  pulmonary  tracheae, 
which  equally  make  their  way  thither.  The  trunks  of  the  arterial 
tracheae  communicate  with  those  of  the  pulmonary  tracheae  by 
lateral  branches  proceeding  from  the  internal  sides  of  these  tracheae. 
The  same  thing  takes  places  in  the  corcelet,  the  thorax,  and  abdo- 
men. The  same  tracheae  form  round  the  stomach  and  its  append- 
ages nets  of  tracheae  quite  inextricable. 

The  arterial  trachese,  after  having  given  numerous  ramifications 
in  the  thorax,  extend  themselves  in  the  abdomen  by  a  common 
trunk,  which  opens  into  the  six  stigmata  placed  on  the  sides  of  the 
body.  It  is  likewise  near  these  stigmata  that  the  common  trunks 
furnish  each  two  bundles  of  transversal  tracheae ;  so  that  there  are 
24  such  bundles  in  the  abdomen.  These  same  tracheae  make  all 
the  parts  enjoy  the  impression  of  the  air,  distributing  themselves 
over  the  intestinal  viscera,  the  organs  of  generation,  and  the  abdo^- 
minal  muscles.  I  must  observe  that  the  communication  of  the 
arterial  and  dorsal  tracheae  takes  place  by  means  of  transversal 
branches,  which  the  first  send  off  at  intervals  to  the  second. 
.  The  pulmonary  tracheae  appear  equally  in  the  head,  where  they 
extendi  round  the  superior  portion  of  the  cerebriform  ganglion  and 
round  the  eyes,  whether  single  or  compound.  They  give  out  but  a 
small  number  of  ramifications  in  the  head ;  and  passing  iKxqm'^xVw^ 
superior  portion  of  the  occipital  foramen^  t\\e^  ific^Xo  ^^  ^o^t^^s^Xi 
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e  tliey  spread  themselves  in  tlie  first  pair  of  legs  nitliout  send- 
ing out  niBny  bninclies.  Always  placed  at  a  small  distance  from  ibe 
dorsal  vessel,  they  pass  into  tlie  thorax  ;  where,  boweser,  thty 
teparate  a  little  from  that  vessel,  forming  round  it  a  kind  of  S. 
These  tracbejE  send  branches  into  the  two  last  pair  of  legs,  in  which 
they  do  not  ramify  much.  When  tbey  come  into  the  abdomen  they 
ai^roacli  the  dorsal  vessel,  sending  it  small  ramifications,  as  tbcy 
do  during  tbeir  whole  passage.  These  mmificatioos  appear  to  com- 
pose the  first  membrane  of  this  vessel.  These  trachts  extend  to 
the  extremiiyof  the  abdomen,  forming  from  ring  to  ring  semi- 
Circles  mure  or  less  near  each  other.  Such  is  the  geueral  distribu- 
tion of  the  trachea;  in  these  two  genera,  in  which  these  vessels  have 
ft  very  small  diameter. 

■  The  disposition  of  these  two  orders  of  trachea  is  not  quite  the 
same  in  the  achetes  as  in  the  genera  of  which  we  have  spoken. 
They  have  likewise  a  greater  diameter,  so  that  they  are  more  easily 
followed. 

The  arterial  tracbcEe  begin  below  tlie  cerebrum,  fi-om  which,  as 
f  '  from  a  central  [wint,  they  send  branches  to  different  parts  of  the 
bead.  These  branches  have  not  an  equal  diameter ;  and  those 
which  go  to  the  muscles  of  the  mandibles  are  remarkably  large. 
These  branches,  penetrating  into  the  mandibles,  give  numerous 
ramificdtion^  the  smallest  divisions  of  which  penetrate  as  far  as  the 
teeth  of  these  parts.  The  arterial  tracheoa  furnish  equally  branches 
to  the  different  parts  of  the  mouth,  and  extend  by  two  principal 
trunks  into  the  corcelet  passing  through  the  opening  of  ihe/ijf ampn 
occipitalc.  They  then  go  towards  the  fore  part,  along  the  aides  of 
the  corcelet,  and  give  pretty  numerous  ramifications  to  the  rotatory 
tnuacles  of  the  head,  and  to  the  muscles  belonging  to  the  corcelet, 
and  likewise  to  those  of  ihe  legs.  Come  to  the  base  of  the  corcelet, 
the  arterial  trachete  form  a  very  large  trachea,  wbieh  passes  into  an 
opening  situated  on  the  lateral  and  inferior  aide ;  and  in  ibis  manner 
ihey  receive  directly  the  impression  of  the  external  air.  This 
trachea  then  extends  to  the  extremity  of  the  first  pair  of  legs,  witb- 

ttait  giving  out  many  ramifications.  The  arterial  iracheie  then  pro- 
feed  to  the  thorax,  being  always  situated  at  the  side  of  the  body. 
They  send  numerous  branches  to  the  muscles  of  the  thorax,  prin- 
cipally to  those  of  the  wings,  the  elytres,  and  legs.  These  trachen 
burnish  likewise  branches  to  the  last  pair  of  legs,  and  to  the  pul- 
monary trachete,  to  which  tbey  carry  air.  After  having  furnished 
these  prinMiml  brsnehes,  and  a  great  number  of  others  much  more 
Small,  the  arterial  tracheae  proceed  to  the  abdomen,  where  they 
form  a  more  complicated  apparatus.  Extending  always  along  the 
sides  of  that  part,  their  trunks  opeVi  into  the  stigmata  by  a  ramifi- 
cation whose  diameter  is  not  so  considerable.  These  trachcEe 
towards  their  inside  give  oat  six  principal  brancliet,  divided  each 
into  two  ratiiificattons,  much  larger,  which  unite  in  a  single  trunk 
that  passes  into  the  pulmonary  tracheae.  But  before  uniting  in  a 
tpmoioa  truxik,  the  large  ramifications  give  out  two  lateral  branches, 
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wkfeti  Mablish  a  comtnunie&tion  of  6i>y)eripr  and  inferior  ramtfica- 
tioe^.  AH  thes^  tracheae  eojoy  immediM^iy  the  actipo  of  the  air^ 
and  dfsOitlute  it  itito  the  pulmonary  tracheae.  It  is  from  the  firit 
Wnch  principally  that  the  tracheae  prpceed  which  spread  tbemr 
Mtti  on  the  organs  df  generation^  while  those  of  tne  intestinqil 
viicera  dre  fumibb^d  successively  by  the  six  branches.  Besides  these 
principal  branches,  the  Common  tnink  furnisbss  6thef  four,  one 
#hiefa  pilecedes  all  tbl^  branches,  ^T\A  tbjree  which  oome  imme- 
diately aitbr  theib.  The  first  spreads  it&eif  on  ^he  superior  abdo- 
minal muscles^  and  upon  the  intestinal  ti^be.  The  others,  on  tne 
contrary,  give  numerous  ramifications  to  the  muscles  of  the  abdo- 
tfitn)  and  particularly  to  the  organs  oi  generation. 

The  pulmonary  traeheee^  more  constant  in  their  direction^^  rise 
above  the  cerebriform  ganglion  by  a  common  trunk,  which  divides 
intb  two  principal  branches,  the  uppt^r  oi  ^hich  go  to  the  eyes  and 
the  anterinae.  The  lowier  extend  backwards  to  the  foramen  pccipi^ 
tale,  traverse  the  muscles  of  the  mandibles,  and  penetrate  into  the 
corcelet.  Thfere  they  separate  a  little  from  each  otber^  give  otit  a 
branch  to  the  first  pair  of  legs,  .«nd  fcirnish  a  very  few  branches  to 
the  thuscles  of  the  corcelet.  These  tracheae  th^n  make  their  weij 
into  the  thordxi  where  they  give  out  two  principal  brancnes,  wl^ieh 
t^olinate  in  the  legs>  furni^ning  some  ramificatipns  to  the  muscles. 
When  thev  come  to  the  abdomen,  they  approach  each  ptner,  and 
run  6ear  the  dorsal  ves^elj  sending  out  a  great  number  of  branches, 
which  divide  themselves  ofi  the  e&ternal  membrane  o£  this  vessel. 
During  their  whole  pdssage  we  see  them  almost  always  sinuous^ 
forming  from  ^istantre  to  distance  semicircles,  which  touch  eaich 
othbr  by  their  sumtn'its.  As  ^e  have  already  explained  bow  these 
tracheae  teeeive  air^  we  shall  not  resume  the  subject  again. 

The  respiratory  organs  of  the  phasmae  consist  equally  of  two 
orders  of  trhcheae,  tlie  arterial  and  pulmonary.  These  last  present 
in  the  bead  fdiir  principal  branche9.  .  The  superior  branches  are  the 
lai^st  and  longest.  They  furnish  branches  to  the  antennae^  the 
upper  lip,  and  the  iriandibles.  When  these  tracheae  make  the],r 
way  intb  the  corcelbt,  they  separate  from  each  other,  and  unite  with 
the  branches  of  the  ihferior  pulmonary  tracheee  to  penetrate  into 
the  first  pair  of  legSf  where  they  spread  themselves.  The.  inferior 
branches  of  the  pulrrionary  tracheae  are  situated  below  the  preceding* 
Their  trdnks  are  nlore  neiirly  straight.  All  these  tracheae  issue 
through  the  fordmen  oceipitale,  and  unite  in  the  corcelet,  so  as  to 
fornj  only  two  principal  trunks,  more  pr  less  near  to  the  dorsai 
vessel,  but  always  aecofnpanying  it.  When  th? se  branches  have 
cottie  as  far  is  the  second  pair  of  legs,  they  send  them  a  princ^ipal 
branch;  The  same  thih^^  happens  when  they  coqae  to  the  third 
pair.  When  Aey  enter  tl)e  abdomen,  they  proceied  still  nearer  the 
dorsal  vessel,  t6  whibh  tliey  send  numerouft  branches. 

The  artenid  tracheafe  have  not  a  direction  so  constant  as  the  pjul- 
mouwy.  In  general,  being  composed  of  bundles  of  branches,  tliey 
mafce  «H  p»13  enjoy  the  knp^essioii  of  ctir^  which  ihc^  \^c^v«^  Vont 


I 


On  the  Usei  of  ike  Dorsal  Fesiel.  [Jcn^^ 

mediately.  Their  common  trunks,  situated  below  the  cerebriform 
ganglion,  furnish  numerous  branches  to  different  pans  of  the  head, 
ihen  in  the  corcelets  to  the  different  parts  of  the  legs.  When  ihey 
reach  the  thorax,  these  trunks  throw  out  a  branch  on  each  side, 
Tfhigh  goes  to  receive  air  by  the  opening  of  the  tremaer,  and  their 
^o  other  principal  branches  go  lo  the  legs.  These  trachese  give 
likewise  branches  to  the  muscles  of  the  thorax,  and  to  the  piilmo- 
nary  trachcie  and  the  intestinal  viscera.  The  same  is  the  ease  in 
the  abdomen.  In  the  abdomen  the  arterial  trachese  give  out  on 
each  side  as  many  branches  as  there  are  stigmata,  and  these  com - 
nunicate  with  the  pulmonary  trachea.  The  direction  of  these 
branches  is  transverse,  compared  with  the  axis  of  the  body,  while 
'tbe  common  trunks  of  these  same  tracheae,  as  well  as  of  the  pul- 
nionarv,  are'parallel  to  the  axis  of  the  body. 

The  abdominal  arterial  trachese  furnish  branches  to  the  intestinal 
viscera  and  the  organs  of  generation.  They  form  on  these  parts 
very  numerous  networks. 

Tlie  distribution  of  the  trachea  is  still  more  admirable  in  tJie 
Inantes  than  in  the  different  genera  that  we  have  hitherto  studied. 
Their  direction  is  so  complicated  that  it  is  difficult  to  describe  it. 
We  shall  obsen'C,  however,  that  the  pulmonary  tracheffi  originate 
above  the  cerebriform  ganglion  by  a  common  trunk,  from  which  six 
principal  branches  proceed :  two  lateral,  which  go  to  the  eyes ;  two 
inferior,  for  the  upper  lip ;  and  two  others  for  the  antenna.  From 
these  branches  there  proceed  others,  which  proceed  to  the  different ' 
organs  of  the  mouth.  This  common  trunk  then  proceeds  to  the 
corcelet,  always  separating  more  and  more.  When  it  has  got  into 
that  part  it  sends  off  a  branch  which  unites  with  an  arterial  trachea. 
These  two  trachea,  thus  forming  but  a  single  one,  go  to  the  firet  of 
the  legs,  and  extend  to  its  extremity,  giving  off  numerous  branches. 

Tlie  pulmonary  tracheae,  proceeding  on  in  the  corcelet,  approach 
a  little  to  the  dorsal  vessel.  They  tlien  enlarge  considerably  oppo- 
site to  the  first  pair  of  legs,  sending  to  them  a  branch,  which  unites 
with  the  most  external  arterial  branch  of  the  tremaer.  By  this 
union  the  two  trunks  form  only  a  single  one,  which  extends  to  the 
extremity  of  the  first  pair  of  legs.  The  pulmonary  trachete  then 
BpproHt-h  the  dorsal  vessel,  send  it  some  branches,  as  they  do  like- 
wise to  the  muscles  of  the  corcelet.  When  they  have  come  to  its 
extremity,  they  send  out  a  lateral  branch,  which  unites  with  the  most 
external  of  the  arterial  trachea?.  The  pulmonary  tracheifi  then  become 
large,  and  give  out  at  first  a  branch,  which  goes  to  the  second  pair 
of  legs;  and  after  having  diminished  in  diameter,  they  send  out 
another  branch  in  that  part.  These  tracheas  furnish  likewise  diffe- 
rent ramifications  to  the  dorsal  vessel,  and  they  gradually  approach 
nearer  it.  But  when  they  have  got  as  far  as  the  first  stigma  they 
separate  from  it  suddenly,  forming  a  semicircle,  which  gives  out  a 
branch  that  establishes  a  communication  with  the  arterial  trachcfc 
and  with  the  seventh  stigma.  From  this  point  the  pulmonary 
tracliesE  hare  two  principal  trunks :  th^  most  internal  is  very  wind* 
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ing  and  irregular ;  the  external  extends  in  a  straight  line  to  the 
opening  of  the  seventh  stigma,  where  it  receives  the  impression  of 
tne  air  as  well  as  the  internal  trunk.  These  two  trunks  of  pulmo- 
nary trachese  communicate  with  each  other  by  means  of  the  lateral 
branches,  which  are  six  in  number  on  each  side ;  but  besides  these 
lateral  branches,  there  exists  one  at  the  base  of  the  body,  which 
unites  the  two  systems  of  pulmonary  tracheie.  This  apparatus,  in 
icombining  with  that  of  the  arterial  tracheae,  forms  an  admirable 
whole,  which  the  silvery  colour  of  the  trachese  renders  still  more 
Agreeable  to  the  eye.  The  internal  trunk  of  the  pulmonary  traches 
5ends  out  a  great  many  branches  to  the  dorsal  vessel,  branches  which 
divide  themselves  to  infinity.  We  see  how  complicated  the  pul- 
monary tracheae  are  in  this  genus,  and  all  in  order  that  there  may 
be  a  greater  reservoir  of  inspired  air. 

The  arterial  tracheas  rise  in  the  head  below  the  cerebriform 
ganglion.  They  give  out  there  large  branches,  which  spread  them- 
selves in  the  muscles  of  different  parts  of  the  mouth.  They  go 
likewise  to  the  upper  part  of  the  head,  and  unite  with  the  trachese 
that  proceed  to  the  eyes.  They  then  pass  into  the  corcelet>  always 
along  the  side  of  the  body.  Tlie  two  great  branches  parallel  to  the 
common  trunk  of  the  arterial  tracheae,  and  which  open  into  the 
tremaer  situated  at  the  base  of  the  corcelet,  may  be  considered  ai 
belonging  to  this  system,  though  they  appear  to  be  divisions  of  pul- 
Tnonary  tracheae.  The  external  trunk  of  the  arterial  tracheae  gives 
#  great  many  ramifications  to  the  muscles  o{  the  thorax.  We  have 
pot  given  a  figure  of  them,  because  we  wished  to  render  our  repre- 
sentation more  intelligible ;  for  if  we  had  exhibited  all  the  ramifi- 
cations that  we  perceive,  it  would  have  been  very  difficult  to  have 
followed  the.  direction  of  the  principal  tracheae  ;  so  that  we  should 
have  run  the  risk  of  failing  in  our  object.  The  arterial  tracheae 
unite  with  the  pulmonary  towards  the  base  of  the  corcelet.  Tliey 
then  penetrate  into  the  thorax  by  three  principal  branches,  and  the 
two  external  unite,  forming  a  kind  of  oval,  before  which  the  inte;r- 
mediate  branch  unites  with  the  first  pulmonary  trachea,  which  goes 
to  the  third  pair  of  legs.  These  arterial  tracheae  form  soon  after 
two  principal  trunks,  situated  further  down,  and  more  externally, 
than  the  trunks  of  the  arterial  tracheae.  Each  of  them  sends  a 
lateral  brancli,  which  opens  into  the  stigmata;  so  that  there  exist  12 
lateral  branches,  since  there  are  six  stigmata,  and  each  receives  two. 
We  may  even  reckon  14,  since  the  whole  of  the  system  terminates 
in  the  seventh  stigma  by  two  principal  branches.  The  tracheae 
which  go  to  the  prgans  of  generation  proceed  firom  the  third  lateral 
branch :  these  tracheae  are  very  large  and  numerous.  J^ut  besides 
these  tracheae,  the  common  trunks  furnish  a  great  number  to  the 
intestinal  viscera.  We  have  not  given  figures  of  them,  for  the 
reason  already  stated. 

The  descriptions  which  we  have  given  of  the  various  respiratory 
organs  in  insects^  must  have  shown  that  by  means  of  this  compli- 
cated apparatus  there  is  a  real  circulation  of  air  in  that  ot^^x  ^1 
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difibient  ttmifications  to  the  abdominal  muscles  and  the  pulmbnaiy 
tracheae.  The  seeotid  branch  sets  out  simple^  but  q^eeaily  divides 
into  tvw>  blanches,  each  much  lar^r  than  the  comnion  trunk.  Near ' 
die  pdnt  where  these  tltichett  unite  to  furnish  a  sitigle  bt^neh  to  the 
j^tilmonary  trachefie,  they  send  off  two  bfanehes^  die  superior  of  la^hich 
goes  to  tli«  superior  branch,  and  the  inferior  to  the  inferior.  Thus 
oti  each  side  of  the  abdomen  are  disposed  the  five  oth^r  commdh 
thinks  which  open  into  the  stigmata,  so  that  these  silt  Orders  Ot  • 
tracheae  correspond  to  the  openings  of  these  parts.  As  there  are  iH 
nil  16  brandies  oa  each  side  of  the  abdomen,  the  arterial  trachesB 
five  on  each  side  three  birge  simple  branches,  ^hich  go  to  the 
pulmonary.  They  cbmmunicate  with  each  other  by  means  of  smalt 
ifftmifications  which  they  send  to  each  other.  All  these  principal 
bratiehes  have  constantly  a  transverse  direction.  The  bundle  of 
ttachese  that  go  to  the  organs  of  generation  proceeds  from  the  first 
ilouble  branch.  What  is  remarkable  in  this  respiratory  apparatus  is 
<be  great  diameter  (^  all  the  abdominal  trachea,  especially  those 
with  double  btaUcfaes.  These  tracheae  are  so  large,  and  so  close 
together,  that  they  lorm  a  kind  of  envelope  round  the  organs  con- 
tained in  the  abdomen. 

AnncLE  VIII. 

^n  Essay  on  the  IShapeSy  Dimensions,  and  Positions  of  the  Spaces, 
in  the  Earth  which  ate  called  Rents,  and  the  Arrangement  of  the 
Matter  in  them.    By  Mr,  John  B.  Longnaire. 

{Continued  fiam  v«l.  v.  p.  281.) 

The  junctums  of  lended^talular  Rents^ 

The  horizontal  direction  of  any  rent  is  not  parallel  to  this  direc- 
tion of  hH  the  other  rents  in  a  formation ;  and  as  the  lengths  of  rents 
in  general  are  much  greater  than  the  distance  between  any  two 
contiguous  rents,  many  rents  must  be  joined  to  others.  Two  of  the 
junctions  of  bended-tabular  rents  I  am  now  to  describe. 

Bended-tabular  rents,  according  to  the  di£fcrence  in  their  posi- 
tions, are  joined  together  in  their  horizontal  directions,  and  in 
those  which  are  at  right  angles  to  them,  whether  angular  or  per- 
pendiculaV*  The  junctions  of  these  rents,  in  common  language, 
are  called  crossings :  and  one  rent  i$  said  to  intersect  and  to  cross 
another;  a'nd  to  disturb  it  by  throwing  or  heaving  it,  either  up- 
wards or  d^twnwards,  in  horizontal  junctions,  and  either  to  the  right 
er  left  ban^,  in  angular  junctions. 

I  1.  Of  hnrixqntal  Junctions^ 

VfhM  thl  sides  of  one  rent,  say  the*  rent  A.  ^%.  \ ,  TJX^Xr'SSSS  .^ 
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■rejoined  to  tliose  of  another,  BB,  in  adirecclon  c(i,  which  is  bo- 
lizontal,  they  are  joined  together  in  their  hoiizonlal  diret-tions. 

If  a  miner,  in  (ravelling  downwards  in  the  angular  direttiun,  ah, 
of  a  rent,  B,  meet  with  another  rent,  A,  having  a  reverse  position, 
and  whose  uppi^  side,  fs,  is  horizonially  joined  to  hotli  sides  of 
that  part  of  the  rent  in  which  he  is  standing,  then  tlie  part  of  the 
latter  rent  which  is  joined  to  the  uni/er  side  of  the  former  rent,  will 
join  it,  as  at  c,  above  the  place  wliere  the  part  a  h  joins  it  on  the 
opposite  side. 

Let  it  he  remembered  that  the  strata  are  always  lower  on  the  up- 
per side  than  on  the  underside  uf  every  rent  of  tliis  ^hape,  then  tliis 
separation  of  ihe  rent  B  into  parts  will  be  eaaily  accounted  for. 
The  lowest  exlremilies  of  any  one  rem  are  generally  situated  in  one 
stratum ;  hence,  as  the  matter  of  the  formation  contracted,  these 
estremities  of  both  parts  of  the  ne^mratcd  rent  would  necessarily 
sink  with  the  stratum  that  contains  ihem ;  but  this  stratum,  as  well 
as  those  above  it,  sunk  a  greater  distance  on  ihc  upper  side,  than  on 
the  underside  of  the  unseparated  rent,  and  brought  down  tike  part 
of  the  sep/irated  rent  which  lies  on  the  former  side  as  much  lower 
than  that  part  of  this  rent  on  the  latter  side  of  tlie  wisepnrated  rent, 
as  the  strat:i  are  lower  on  this  tlian  on  that  side  of  the  last  rent. 
This  "  want  of  opposition,"  therefore,  in  ih'e  tivo  parts  of  one 
of  the  joining  rents  which  lie  on  opposite  sides  of  the  otlier  is  the 
eHect  of  that  unequal  contraellon  of  the  matter  which  produced 
the  rents,  and  is  not  caused  by  the  action  of  a  newer  rent  on  an 
older,  as  has  been  generally  supposed. 

In  every  junction  where  the  unseparated  rent  is  the  larger,  it  is  as 
old  as,  if  not  older  than,  the  separated  rent ;  but  when  it  is  the 
smaller,  it  is  always  (be  newer  of  the  two  joining  rents.  I  would 
in  both  instances,  however,  be  understood  to  mean,  that  the  for- 
mation of  these  rents  took  place  during  the  process  of  the  matter'i 
consolidation ;  and  when  I  say  one  is  older  than  the  other  rent,  I 
OTily  mean  that  the  commencement  of  the  formation  of  the  older 
bappened  before  that  of  the  newer  rent ;  and,  not  that  any  one  rent 
was  completely  formed  and  filled  before  the  formation  of  any  othei 
bad  eooimenced. 

2.  Of  angiilnr  Juiiclioni. 
When  two  rents  are  joined  together  in  their  angular  directions, 
tbey  e.xhibit  the  appearance  of  fig.  3,  Plate  XXXV.  j  in  which  the. 
partSjiff,  hd,  of  one  rent.  A,  are  joined  to  another  rent,  BB,  in 
a  direction,  tfs,  which  is  {Kirallel,  or  nearly  so,  to  the  angular 
direction  oi'  both  rents.  I  will  at  present  only  describe  the  hori- 
tontal  junctions  of  two  rents  that  meet  each  other  at  nearly  right 
nngles;  one  of  which,  the  unseparated  rent,  contains  l»th  kinds  of 
the  earthy  tabular  masses,  and  the  other,  or  the  separated  rent,  con- 
tains both  of  the  earthy  associated  with  the  metallic  tabular  masses. 
If  a  miner,  in  travelling  in  the  horizontal  direction  of  a  rent,  ab, 
Sg.  2j  (which  figure  is  a  horizontal  view  of  an  angular  junction  of 
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two  rents)  whose  under  side  is  on  his  right  hand,  tneet  with  the  up-* 
per  side^  c  b,  of  an  unseparated  rent,  then  that  part  of  the  separated 
rent,  e  dj  which  h*es  on  the  other  side  of  the  unseparated  rent,  is 
nlways  a  given  distance,  irf,  to  his  left  hand,  lit  fig.  3.  repre- 
sent the  angular  direction  of  such  a  junction  as  the  man  sees  it 
when  he  looks  towards  the  unseparated  rent  in  the  direction  a  bf 
fig.  2.  ^  c  is  the  upper  side,  and  d  i  tlie  under  side  of  the  unsepa- 
tated  rent.  The  dotted  lines  d  h  represent  the  angular  figure  of  the 
separated  rent  on  the  under  side,  and  the  lines  bfg  the  same  iigure 
of  this  rent  on  the  upper  side  of  the  separated  rent.  Suppose  the 
fine  id  represent  a  stratum  on  the  under  side  of  the  unseparated 
rent,  then  the  line  If  will  represent  the  same  stratum  on  the  up-: 
per  side  of  this  rent.  Again,  let  the  line  h  k  represent  the  stratum 
in  which  the  lowest  extremity,  A,  of  the  separated  rent  on  the  under 
Bide  of  the  unseparated  rent  is  situated,  then  the  line  g  will  be  the 
iam^  stratum,  and  one  that  contains  the  lowest  extremity  of  the 
former  rent  on  the  upper  side  of  the  latter  rent.  Now  a  line,  df^ 
drawn  from  dj  down  the  rent  B  B,  at  right  angles  to  its  horizontal 
direction  c  b,  will  pass  through  the  point^  and  a  similarly  disposed 
line,  drawn  from  the  point  A,  will  pass  through  the  point  g ;  hence 
the  ^nxtfg  is  equal  to  the  part  h  d,  and  both  make  a  similar  angle 
with  the  perpendicular  line  g  c;  but  the  top  of  the  part  fg  is  a 
given  distance  below  the  top  of  the  part  hd;  this  distance  is^qual 
to  that  which  the  strata  are  lower  on  the  upper  than  on  the  under 
side  of  the  unseparated  rent.  Continue  the  rent  ^y*  upwards  in  its 
natural  direction,  till  it  reaches  the  line  b  c,  say  at  b :  at  that  place 
it  is  the  distance  b  d  from  the  other  part  of  the  rent.  This  hori* 
zontal  distance  between  the  two  parts  of  the  separated  rent,  is 
caused  entirely  by  the  strata  sinking  lower  on  the  upper  than  on  the 
under  side  of  the  unseparated  rent,  and  carrying  down  with  them 
the  separated  rent  on  that  side  lower  than  the  strata  carry  its  oppo^ 
site  part  on  this  side  of  the  rent ;  for  it  is  evident  that,  if  the  stra- 
tum g  be  elevated  to  h  k,  and  the  stratum  If  to  dif  the  part  of  the 
separated  rent,  y^,  will  be  directly  opposite  the  part,  hd,  of  the  same 
|-ent. 

The  unseparated  rent  in  all  junctions  has  hitherto,  for  the  fol- 
lowing reasons,  been  considered  the  newer  rent.  The  tabular 
masses  in  the  unseparated  rent  preserve  their  usual  arrangement 
opposite  the  ends  bf  the  separated  rent,  while  these  masses  in  the 
latter  rent  end  against  the  side  of  the  former  rent ;  hence  the  se- 
parated rent  must  first  have  been  formed  and  supplied  with  its  con- 
tents, then  another  or  unseparated  rent  produced  across  the  rent, 
which,  of  course,  would  separate  it,  and  which,  in  consequence  of 
being  formed  the  last,  would  not  have  its  contents  disturbed  oppo- 
site that  rent  which  it  crossed.  But  such  an  arrangement  of  mat- 
ters in  rents  at  these  junctions  does  not,  by  any  means,  warrant 
this  conclusion  !  For,  if  the  separated  rent  be  the  older,  the  ta- 
bular masses  in  it  must  have  been  in  such  a  state  of  soUdlt^,  iV^sul 
when  the  formation  of  the  unseparated  rent  comtueuced,  ^}u^']  C5)>A^ 
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retain  their  situatioQs.  But  we  have  only  to  say,  that  tlie  unscpa- 
raied  rent  is  the  older,  and  that  the  tabular  masses  iti  it  were  so 
sufEeieotly  »»nsolidated  as  to  preserve  their  situations,  when  the 
separated  rent  was  formed  and  filled,  and  the  arrapgement  of  these 
amssea  will  evidently  support  tliU,  equally  as  well  as  the  other  ai- 
settion  :  this  reaaoning  will  not,  therelbre,  of  itself,  decide  whether 
is  the  older  rent.  When  the  unseparated  reot  \s  the  larger,  it  is 
as  old  as,  and  probably  older  than,  the  separated  rem.  For,  the 
forinatioQ  of  all  rents  commenced  at  their  lowest  extremities,  and 
«s  the  larger  rent  extends  farther  downwards  than  the  smaller,  if 
their  respective  dimensions  be  taken  from  one  level,  that  part  of 
the  former  which  is  below  the  lowest  extremiij  of  the  latter  must 
have  Iteen  the  soonest  forming;  and  it  is  certain  that  the  larger 
rent  would  commence  in  the  straluni  eontainiog  the  lowest  extre- 
mity of  the  smaller  rent,  a;  soon  as  this  rent  commenced  iq  that 
Stratum.  Whether  rent  took  the  lead  upwards  we  cannot  tell  with 
certiiinty ;  but  that  there  has  not  been  much  difTcrencc  in  point  of 
lime  between  those  uns^arated  rents  which  contain  the  hrst  and 
«*coad-formed  earthy  tabular  masses,  and  those  separated  reats 
which  contain  the  earthy  and  metallic  masses,  is  very  probable  j 
because  (he  first-formed  earthy  masses  in  both  rents  clearly  point 
out  the  small  degree  of  the  matter's  solidity  at  the  commencement 
»f  tlie  formation  of  both  these  rents.  One  circumstance  inclines 
sae  to  suppose  that  the  unseparated  rent  is  the  older ;  namely,  the 
eKi^tence,  in  this  rent  near  these  junctions,  of  large  metallic  tabu- 
bir  masses,  which  are  similar  lo  the  nwtallic  duikcs  in  the  separated 
leat,  and  which  are  not  found  in  oiher  parts  of  tl»e  unseparated 
rent,  except  in  very  small  quantities.  For  it  is  probable  the  hol- 
low places  which  contain  these  metallic  masses  were  produced 
after  those  (irst-formed  earthy  masses  near  whidi  they  are  situMed, 
and  that  the  metallic  matter  passed  out  of  the  separated  rent  into 
these  hollow  places  in  a  fluid  ttale.  Now  the  metallic  masses  iu 
the  separated  rent  being  cotcmporary  with  ilw  first-formed  earthy 
tabular  masses  in  it,  it  is  clear  that  they  were  not  pioduccd  a^  soon 
as  the  first-formed  earthy  tabular  masses  in  tlic  miscparated  rent; 
heoce,  this  is  older  than  that  rent.  But  in  all  junctions  where  the 
UBaeparated  rent  Is  the  smaller,  it  is  the  newer  rent;  and  ihes  its 
contents  indicate  its  newness. 

There  are  four  distinct  examples  of  the  horizontal  junctions  of 
bended-tabular  rents,  and  eight  angular  junctions  of  the  ^ame  rents; 
but  as  these  junctions  could  not  he  described  without  reference  to 
drawings,  I  have,  for  the  present,  omitted  iliem.  The  junctions 
also  of  beaded-tabular  with  all  other  rents,  1  need  not  at  present 
describe,  as  excellent  descriptions  of  many  of  them  will  be  found 
in  WiHiams'  Mineral  Kingdom,  and  as  the  reader  will  have  no  dif- 
ficulty in  referring  all  their  phenomena  to  tlie  cause  which  t  have 
already  pointed  out;  namely,  the  unequal  contraction  of  the  earth's 
Biatier. 

Juae'^j  1S15,  .. .  .    |. 
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AB*TiCLB  IX. 

^giUtUift  ff  9  h^etjrom  Professor  Ber^lms  to  Pr^essor  Gittert.^ 

SioMolm^  Oct,  8^  1814. 

'Ejpnf  l^^rs  b^ve  given  me  so  much  pleasure  as  tb^at  which  ( 
fqi|^  fifQiB  yo^  9P  my  return  ffoif^  Fabluo^  where  I  had  been  th^ 
^^  siiw^iper.  I  l^d  Ipkeeq  loi^  without  bearipg  from  y<>u,  aoij^ 
iif^PlfL  of  ipnjf  ^Q^i^ntac^ces  who  had  been  at  the  battle  of  Leipsic]^ 
q(if44  8^^  ^^  ^y  h4(pkrmatioi2  respecting  you,  I  was  ^ppreheosive 
ipyow^^eooe  that^  yoq  were  no  longer  in  the  land  of  the  living. 

I  liave  not  yet  answered  the  objections  of  Dr.  Fischer,  of  Breslai^ 
tf^-  tny.  9PH\ystiis  of  Qitra,te  of  silver.  The  experimeDt  of  JXr.  Fischer, 
^1^  c^H^ified  an  ei^plosion  by  heating  nitric  acid  over  muriate  oC 
sUvi^t  4^  ^  sucg^ed  with  me.  f  I  repeated  the  experiment  ac- 
^SN^i^g  Wb^  ^b^ecuons ;  but  qo  explosion  followed.  After  Davy's^ 
ovf^ifffff;  beoivnie  b^wn,  I  made  some  expericoents  with  it,  i^n4 
Sfljiil^^  myself,  froiQA  tliie  suaell,  that  whenever,  concentrated  mu~ 
E^ltiq  %^  9n4  OQjQice^tf^t^  red  nitric  acid  are  digested  togetUef, 
4ii§  vfm^rki^  compound  is  always  formed ;  but  I  have  not  ixk 
th^  ^ays^es  observed  apy  explosion.  Warned  by  Fischer's  state^ 
fj^xMsi  l  9lw^t  p^^  the  ves&r  u;i  which  this  mixture  was  digested 
\R%9^¥^a^  $^^  place.  It  is  exceedingly  probable  tbattlii% 
fit^^f:  W^'  ^  OQtl^g  else  tlmo  aqua  regia  quite  free  from  watery 
^  it  dif^iH^  slowly  iiji  wsuter,  and  forms,  as  Davy  likewise  re^ 
narke4  ^  ^»^^.  a^VASt  regia.  These  few  observatioi^  sbciW  clev Iji 
ibiji  lE^Xy'st  9A^y#is^  o£  ^hh  substance  is  inaccurate,  and  tbtf  he  CQit 
rected  his  results  in  consequence  of  theoretical  views. 

IJitbdrtQ  t^  liittle  aAtentiipd  has  been  paid  to.  tU^  combjnatioil  of 
%QM9.withaojii|^,  a^di  to  acids  free  from  water.  Hence  the  reaaoi^ 
wkvt  ^  XXkwk  <^  ^  wonderful  has  been  observed  in  isolated  obse^ 
TOUtlons^  ^ipl^  whea  the  whole  ma^  of  chemu?al  facts  ai^e  surveyed^ 
)m6  ^WPff  thing  wond^cf^U  &^^  harejofuse  with  our  previous  kuq^r^ 
ledge.  .  , 

How  much,  for  example,  have  chemists  wondered  at  the  smoking 
st^ta  of  ^IpKuri.c  acid  ?  yet  they  missed  observing  the  real  nature  of 
^^  bpdj; ;  fqr  though  it  wai  known  that  cpmneton  sulphuric  acid 
taatai»8  abundance  of  water,  and  that  the  smoldng  Nordhausat 
aH)g)i.tt|ra9  acid  A^ms  with  water  common  sulphuric  acid,  and  with 
t)Ki  Ul^  coqpp^p  aM^phAtes^;  yet  tlie  cops^quence  wa3  not  dxawA 
Im  tlH^sBK^Mngacid  coBtai0s.ap  water. 

•  TranifaKtcd  finom  Gilbert's  Annalcn  der  Fkys:k  for  Not^  18.14,  toI.  xHiii. 
fa  3!^  T'itaV^  'htfin  io<luccd  to  pnblish  it  here,  because  it  contains  some  opiuionS 
md^Ttt  to  Brltls|i,c)|€inists  with  which  1,  think  they  ought  to  beacquaiDted.  Gil* 
i^t£S  Aotwjkli  cootaips  vp^axy  other  similar  letters. — ^T. 

'  r  Tlie  expli>si6i]  onhy  takes  place,  as  Or.  Fischer  has  more  lately  stated^  (Ao« 
aatea,  ifri.  49^i}  wiren  dllittod  nitric  acid  or  aqnare^tv  \i  boiUd  o^tt  VMkXti^^^ 
bot  not  wben  tbese  yidi  axe  coiiceiitnited.->-QiL»EKT. 
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Tliis  anhydrous  sulphuric  acid  agrees  in  various  points  with  the 
anhydrous  acid  formed  hy  the  action  of  atjua  regia  upon  sulphuret 
of  carbon.  Anhydrous  sulphuric  acid,  this  triple  acid,  nitrous 
sulphuric  acid,  murio-carbonic  acid  (phosgene  gas),  niiro-muriatic 
acid,  fluo-boric  acid,  &c.  form  a  complete  new  class  of  chemical 
compounds.  Some  of  these  compounds  contain  no  water,  and 
allow  in  consequence  properties,  which,  from  the  analogy  of  the 
hydrous  acids,  we  could  not  Jiave  expected,  and  which  they  lose  aa 
loon  as  they  come  in  contact  with  water.  Some  of  ihem  are  even 
decomposed  by  this  liquid,  the  water  introducing  a  new  play  of 
sfiinities.  As  long,  however,  as  chemists  are  involved  in  the  maze 
into  which  they  have  been  led  by  the  new  hy[)othesis  respecting  the 
nature  of  muriatic  acid,  they  will  not  be  able  to  see  these  appear- 
SDces  in  a  proper  and  genera!  ]TOint  of  view. 

I  have  published  in  Dr.  Tiiomson's  Annals  of  Pkilusopky  an 
examination  of  Davy's  new  hypothesis,  and  of  the  old  doctrine 
respecting  the  nature  of  muriatic  acid,  and  I  have  produced  a  very 
decisive  argument  against  Davy's  hypothesis,  furnished  me  by  the 
analysis  of  the  submuriates  of  copper  (as  well  as  those  of  lead)  con- 
taining water  of  crystallization,  "rhe  proportion  of  these  two  sub- 
stances is  such  that  the  quantity  of  oxygen  in  the  water  of  crystalli- 
zation is  equal  to  that  in  the  oxide  of  copper  according  to  the  old 
theory :  but  according  to  Davy's  hypothesis,  which  supposes  mu- 
riatic acid  composed  of  one  volu  nie  of  hydrogen  and  one  volume  of 
chlorine,  we  find  the  corresjionding  quantity  of  oxygen  in  the  oxide 
of  copper ;  but  onc-founh  of  the  water  must  be  abstracted  in  order 
to  form  the  muriatic  acid  and  oxide  of  copper.  Hence  it  follows 
that  the  osygen  in  the  water  is  to  that  in  the  oxide  of  copper  as  A  :  4. 
Hence  Davy's  hypothesis  is  inconsistent  with  the  doctrine  of  definite 
proportions. 

Both  Dr.  Thomson  and  Sir  Humphry  Davy  have  answered  this 
objection  in  a  manner  that  has  astonished  me.  Dr.  Thomson's 
answer  is  barely  this ;  "  Beizelius'i  arguments  are  not  at  all  hostile 
to  Sir  H.  Davy's  theory."*  And  Davy  himself  says,  in  his  last 
Bakerian  lecture,  "  I  cannot  regard  the  arguments  of  my  learned 


>  SiBcc  Betzelius  rloes  not  perceive  Ihe  fallacy  of  hia  argnmenl,  I  shall  point 
It  out  la  him  taeif.  Hli  tubiaiiriate  nf  copper  is  a  eaiapound  of  muriatic  acid, 
nilde  of  copper,  and  watFr.  I  hare  no  dauht  that  his  onaljaia  of  ll  it  nearly 
accnrale  t  and  Ibal  (he  law  which  he  poinle  out  aad  appliei  to  it  U  corrcel.  But 
this  ha<  uDlhing  whateier  to  do  with  Uavy't  Ibeary,  because  Ihe  salt  in  questino  ii 
ool  a  chloride,  bal  a  muriatp,  Suppoie  we  were  to  convert  it  into  a  chloride  hj 
•Tpoiure  to  heal,  (Ihe  procesE  Id  (he  pmenl  case  would  not  answer)  but  we  dIbj 
■nppose  it;)  in  that  case  sH  (hi!  water  would  be  driven  olT,  the  oxjgen  of  the 
copper  woald  cunbiiie  with  the  hjdrogpn  of  the  acid,  and  fly  off  in  ihe  stale  of 
water,  and  nothing  would  remaia  but  cElurine  and  capper.  Here  Berzelim's  lawf 
fould  Bot  apply,  beeause  neither  iiater  nor  oxygen  is  present  in  the  compound. 
It  i>  amatciug  lo  me  that  so  acute  a  man  as  Dr.  Berzelius  should  advance  >o  futile 
■n  argnmenl.  It  can  only  proceed  from  his  never  having  made  hi o^elfacqu aimed 
with  ihedelaiIJi  of  Ihe  iheory  which  he  was  opposing.  Muriates  exist  as  well  aa 
ehloridn  ;  though,  as  tbey  always  can  lain  waier,  (hey  are  not  to  easily  ciamiBslL 
AD  bis  olhti  argument!,  like  Ihit,  are  founded  on  miscoDceplioDi.~>T.  ^^m 
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frieod  as  possessing  any  weight— and  there  is  no  general  canon  with 
respect  to  the  muhiples  of  proportions  in  which  dififerent  bedies. 
combine,"  &c. 

My  experiments  upon  the  constant  and  definite  proportions . 
which  e^List  in  compounds  I  liare  been  at  some  pains  to  get  ti^ans- 
lated  into  English  and  published  in  Great  Britain.  However,  suffix 
cient  attention  has  not  yet  been  paid  to  them  in  that  country*  Iq  a 
treatise  upon  the  Dahonian  theory  of  cliemical  proportions^  tir. 
Tliomson  has  given  the  whole  merit  to  Dalton.  My  laws  are  only 
xneutioned  to  he  refuted ;  and  when  they  do  not  immediately  follow, 
from  Daiton*s  atomic  doctrine,  to  be  discarded  without  further 
proof.  The  consequence  is,  that  my  experiments  have  only  beea. 
handled  in  a  very  slight  manner.  A  friend  has  communicated  ,to 
me  from  London  sonie  preliminary  information  respecting  Wollas- 
ton^s  treatise  on  Chemical  Equivalents,  in  which  he  has  employed  a 
sliding  rule  for  the  discovery  of  the  requisite  proportions.  He  adds^ 
^^  1  have  the  pleasure  to  be  able  to  say  that  Dr.  WoUaston  has 
therein  admitted  the  accuracy  of  your  numerous  labours."  But  this 
excellent  philosopher^  of  whose  friendship  I  am  proud,  has  not 
named  me.  At  present  being  uncertain  how  the  oxalates  are  com- 
bined, he  has  made  some  experiments  respecting  them ;  and  my 
friend  says,  ^^  I  have  the  satisfaction  to  find  that  his  experiments 
agree  with  yours." — Lately  attempts  have  been  made  to  show  that 
Higgins  was  the  discoverer  of  the  atomic  theory,  and  a  dispute  on 
the  subject  has  arisen  between  Dalton  and  Higgins.  Dr.  Thomson 
says,  that  even  if  the  atomic  doctrine  had  escaped  Dalton,  it  would 
have  been  discovered  by  other  English  philosophers ;  and  after- 
wards, in  order  to  correct  the  improper  use  of  the  word  Englisliy  he 
explains  himself,  by  informing  us  that  he  alluded  to  Dr.  Wolidston. 
We  may  see  in  this  example  how  difficult  it  is  in  England  to  esti- 
mate foreigners  correctly.  *  You  need  not,  therefore,  be  surprised 
that  your  Annals  are  not  better  known  in  England.  When  I  was 
in  that  country  I  allowed  some  numbers  of  your  Annals  to  come 
froiB  Sweden,  that  I  might  be  able  to  get  my  papers  translated  out 
of  themi.  However,  had  not  Dr.  TJiomas  Young,  Foreign  Secre- 
tary of  the  Royal  Society,  undertaken  the  translation  out  of  friend- 
ship for  me,  1  should^  have  found  It  difficult  to  meet  with  a  single 
chembt  in  the  whole  country  who  could  have  translated  the  papers 
in  question.  Mr,  Accum  and  Mr.  Brande  are  Germans  by  birth. — 
You  will  receive  from  me  in  a  short  time  a  second  and  third  ap- 
pendix to  my  experiments  on  the  definite  proportions  in  which  bo- 
dies combine. 

*  That  novelty  of  matter  has  more  share  in  this  than  the  circumstance  of 
fif>reigner  appears  to  me  evident,  among  other  things,  fiom  Dalton*s  vindication  of 
Ills  atomic  doctrine,  v^hich  does  not  appear  groundless,  aod  from  Mr.  Mier*s  de- 
terminations respecting  azotic  gas,  with  both  uf  which  I  shall  shortly  make  my 
readers  acquainted.  The  former  terminates  as  follows:  ''Notwithstanding  this, 
whatever  may  come  from  the  pen  of  Berzclius  on  the  subject  will,  no  doubt,  be 
worthy  the  attention  of  the  chdnical  world." — Gilbert. 

Vox..  VJ.  N°  J.  D 
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Vuu  ask  me  to  esBinine  what  Gay-Lussac  has  advanced  respecting 
the  nitrous  gas  eudiometer,  and  to  repent  the  experiments  on  which 
his  method  is  founded,  because  they  are  in  opposition  to  my  views 
relative  to  nitric  and  nitrous  acids.  I  acknowledge  that  1  feel  no 
inclinslion  to  undertake  such  a  task.  I  am  always  averse  to  disputes; 
and  if  I  were  to  engage  in  one,  it  must  be  of  such  a  nature  that  it 
could  be  fully  resolved  by  experiment.  This  is  not  the  case  with 
Gay-Lnssac's  experiments.  Dalton  has  already  shown,  with  loler- 
able  accuracy,  that  according  as  there  is  an  excess  of  nitrous  or 
oxygen  gas,  a  maximum  or  minimum  of  nitrous  gas  will  be  ab- 
■orbed,  both  measured  by  the  qaantity  of  oxygen  gas  which  is  like- 
wise absorbed.  On  this  maximum  or  minimum  usually  depends 
the  formation  of  pure  nitric  or  nitrous  acid.  The  question,  there- 
fore, comes  to  this :  whether  between  these  two  points  there  are 
gradalions,  consisting  of  combinations  of  determinate  proportions 
of  nitric  and  nitrous  acids,  or  not ;  and  likewise  whether  the  results 
of  Gay-bussac  be  those  which  he  really  obtained,  or  whether  he  did 
not  correct  them  by  his  views  of  true  theory.  The  solution  of  these 
'questions  is  attended  with  too  much  difficulty  forme  to  bestow  upon 
them  the  time  thai  would  be  required  for  their  examination. 

M.  Avogrado's  remarks  upon  my  electro-chemical  theory  I  have 
already  read  in  the  Annates  de  Chimie.  He  appears  not  to  know 
the  treatise  on  the  chemical  action  of  the  electrical  pile  by  Hisingec 
jmd  myself.  His  remarks  upon  my  use  of  the  terms  eleclro-poskive 
Had  etectro-negative  are  correct.  They  had  been  already  anticipated 
in  your  Annals,  on  occasion  of  my  experiments  and  iJiose  of  Davy. 
I  bad  changed  them  for  others  long  before  Avogrado's  paper  ap- 
peared, as  may  be  seen  from  my  papers  publtsbed  in  England. 
Some  additions  to  the  electro-chemical  theory,  which  these  papers 
contain,  and  which  hitherto  arc  unknown  both  in  Germany  and 
France,  are  perhaps  worthy  of  your  attention.  You  will  find  them 
ID  my  treatise  on  the  Cause  of  Chemical  Proportions, 

Van  Mons  has  communicated  to  me  the  discovery  that  he  has 
decomposed  the  fluates  at  a  red  heat  by  means  of  hydrogen,  and 
obtained  compounds  of  6uoric  acids  and  metals  destitute  of  oxygen. 
Certainly  this  is  strange.  It  ought  likewise  to  be  inaccurate,  accord- 
ing to  his  preconceived  opinions.  Has  he  obtained  a  fluoric  oxide, 
or  a  compound  oi  fiuoricum  with  metals  ?  Had  he  given  me  the 
names  of  the  salts  on  which  he  made  his  experiments,  it  would  have 
been  easy  to  have  investigated  the  subject.  But  I  must  wait  for  a 
more  accurate  account  of  his  experiments,  which  be  has  promised 
me,  before  I  can  repeat  them, 

You  say  to  me  tliat  different  persons  wish  that  1  would  give  an 
example  bow  I  make  accurate  chemical  analyses  on  a  small  scale. 
This  would  be  a  diflfieult  task;  for  I  believe  that  I  possess  no  other 
method  or  greater  dexterity  than  other  chemists,  I  seldom  work 
upon  a  small  scale.  Moat  of  my  analyses  are  performed  wiih  ten 
or  five  grammes,  that  is  to  say,  with  160  or  SO  Nurnberg  medicinal 
gm'ias  (15i--ii  and  77"--'  gralas  troy) ;  and  ilus  I  believe  is  the  best 
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quantity  for  chemical  analyses.  The  difficulty  is  increased  when 
either  much  more  or  much  less  is  employed.  In  all  my  analyses  I 
have  this  rule  before  my  eyes:  *^  Endeavour  to  find  a  method  of 
analysis  so  that  the  accuracy  depends  as  little  as  possible  upon  the 
manual  dexterity  of  the  operator.  When  this  is  founds  consider 
what  unavoidable  circumstances  intervene  to  render  the  results  in- 
accurate, and  whether  by  their  means  the  quantities  obtained  are 
increased  or  diminished.  Then  make  a  second  analysis,  in  which 
all  these  circumstances  act  in  a  way  directly  contrary.  If  the  results 
agree,  the  experiment  is  accurate/'  For  example,  you  will  find  ia 
my  analysis  of  red  oxide  of  iron  that  in  one  of  my  experiments  I 
dissolved  the  iron  in  a  weighed  glass  capsule,  evaporated  the  solu* 
tion,  and  exposed  the  oxide  to  a  red  heat.  Here  no  loss  was  pos- 
sible. In  a  second  experiment  I  dissolved  the  iron  in  aqua  regia^ 
precipitated  it  by  ammonia,  washed  the  oxide  upon  a  weighed  filter^ 
and  exposed  it  to  a  red  heat.  Here  no  increase  was  possible; 
nothing  but  a  diminution  could  take  place.  But  both  experiments 
gave  the  same  results.  Hence  I  concluded  that  in  the  first  experi- 
ment f)o  increase  of  weight  had  taken  place,  from  the  impurity  of 
the  acid,  or  the  corrosion  of  the  glass ;  and  that  in  the  second  no 
remarkable  loss  had  been  sustained,  in  consequence  of  the  inaccu- 
racy of  the  method  followed.  By  these  perpetual  checks  I  have 
learnt  to  look  for,  and  to  avoid,  sources  of  inaccuracy.  I  have 
pointed  out  several  of  these  sources  in  my  manual  of  chemistry 
under  the  article  inorganic  substances.  Still,  however,  a  good  deal 
depends  upon  manual  dexterity  and  long  practice ;  so  that  it  is  as 
impossible  to  make  an  accurate  chemist  by  written  directions  as  it  is 
for  one  artist  to  make  another  a  consummate  tradesman  by  mere 
written  rules.  A  clever  student  of  chemistry  might  perhaps  learn 
fiom  me  to  attend  to  several  small  particulars,  which  he  might  not 
of  himself  remark,  and  yet  are  of  importance. 
But  my  letter  is  already  too  long.  Berzelius» 
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There  appears  to  be  a  siogular  increase  of  the  variation  in  (he 
month  of  April,  more  particularly  so  in  May  and  June.  Suspecting 
there  might  be  some  error,  the  source  of  which  was  in  the  instru- 
ment, but  which  I  could  not  discover,  I  sfsnt  it  to  the  maker,  Mr. 
Dollond,  who  examined  it,  sharpened  the  point  of  suspension,  and 

1)laced  new  agates  id  the  needles,  which  alterations  do  not  seem  to 
lave  afiected  the  result  of  the  obserrations.  May  it  not  therefore 
be  justly  inferred  that  the  increase  is  real,  and  not  apparent  ?  One 
circumstance  is  indubitable,  which  is,  that  the  vibration  of  the 
needle  has  been  seldom,  and  of  small  extent,  since  the  2Qth  pf 
February  last^  on  which  day  the  needle  vibrated  between  28  and  29 
minujtes. 

The  immersion  and  emersion  of  i|  Cancri  was  instantaneous^  and 
no  diminution  of  the  star's  light  was  perceptible. 
.    The  dew  which  fell  on  the  instrument  rendered  the  observation 
on  the  1 1th  inst.  doubtful  to  a  few  seconds* 

Rat.  fallen  J  g*}^***  "**«"  *^5  it*  !'I  ^*^  \  I'i^^  «««»». 
I  Between  noon  of  toe  1st  Jane)  ^ 

ETftporatlon  daring  tlie  same  period 2^70 
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Article  XI» 

Recovery  oj  the  Aaclien  Mais  of  Native  Iron,    In  a  letter  from 

Dr.  Benzenberg.* 

^  Kloiter  Bruggen^  near  Crefildf  Dec,  15,  1814. 

YoD  will  already  know  that  the  great  mass  pf  native  iron  at 
Aachen,  which  had  been  lost,  has  been  lately  again  found.  I  went 
last  week  to  Aachen  to  see  it,  and  can  give  you  the  following  infor- 
mation respecting  it. 

In  the  year  17^2  CounccIIor  Lober  was  with  Maximilian  Prince 
of  Saxony  at  the  batlis  of  Aachen,  as  his  physician.  At  the  time 
they  inhabited  the  house  called  Biichel,  at  the  new  bath.  Lober 
observed  in  the  pavement  an  uncommonly  large  iron-stone.  He 
requested  liberty  to  dig  it  up,  obtained  it,  and  took  some  specimens 
of  it.  He  gave  some  of  the  smallest  to  the  physician  Dr.  Kretsch- 
mann,  in  Dresden,  whose  colIecti9n  of  minerals  came  into  the 
possession  of  the  University  of  Wittenberg;.  This  information  is  to 
be  found  in  the  Wittenberg  Weekly  Paper  for  1773,  page  36; 
from  which  it  found  its  way  into  -he  Memoirs  of  the  Berlin  Natural 
History  Society,  vol.  vii.  page  323.  By  a  mistake  of  the  writer  in 
both  accounts,  Aken  is  substituted  for  Aachen ;  and  Chladni,  who 
mentions  this  mass  of  iron  in  his  well-known  treatise,  considers  the 
place  as  Aken  in  Magdeburg.    Letters  were  written  to  Aked  on  the 

*  Translated  fronr  Gilbert's  Annalea  der  Pbysik  for  Dec.  \&\4,io\.iCkV\\\.  ^.  ^V^. 
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subject;  but  ihere  they  knew  of  no  mass  of  iron  whatever.  It 
was  then  referrt'tl  to  Aachen,  in  another  jiaper  which  apjwared  in 
1804,  on  native  iron.  Probably  the  mistake  was  discovered  by  the 
reference  to  the  baths  In  the  original  paper. 

In  the  year  1812  Dr.  Chkdni  wroie  lo  the  Consistoria!  President, 
'  Frederick  Jakobi,  at  Aachen,  requestin,^  information  respecting 
this  mass  of  iron.  As  Dr.  Lesoinne  could  give  no  intelligence 
respecting  it,  be  and  apothecary  Monheim  applied  to  the  old  town 
eecretary,  Couver.  He  recollected  the  digging  up  of  the  mass  in 
17(52,  find  that  some  pieces  had  b^en  struck  off,  and  deposited  in 
the  town-house,  but  had  been  soon  after  lost,  T!ie  mass,  he  said, 
had  been  again  deposited  in  the  place  from  which  it  had  been  dug, 
and  the  surface  again  plastered  over.  Fourteen  days  after  this  in- 
formation Couver  died,  at  the  age  of  78- 

Mr,  Monheim  gave  this  information  to  Trommsdorf,  who  pub- 
Ibhed  it  in  his  journal  in  1812.  Professor  Weiss,  in  Berlin,  endea- 
voured to  interest  the  Academy  in  the  re-discovery  of  this  mass  of 
iron  in  a  town  which  belonged  to  the  general  government  of 
Prussia,  In  consequence  an  order  was  obtained  from  the  Chancellor 
Prince  Hardenherg  to  the  Governor- General  Sack  to  fulfil  the 
wishes  of  the  Academy. 

The  plaster  being  again  removed,  and  the  bottom  examined  for 
several  days,  the  mass  of  iron  was  at  last  found,  dug  up  amidst  a 
crowd  of  people,  and  brought  Into  the  court  of  Mr.  Biergans,  Di- 
rector of  the  Circle,  where  it  lies  at  present. 

It  is  covered  with  iron  ochre,  and,  like  all  similar  masses,  is  of 
an  irregular  shape,  approaching  to  the  oval.  Its  length  is  four  feet 
nine  inches ;  its  breadth,  two  feet  eleven  inches ;  and  its  thickness 
two  feet  Us  Inches;  and  ils  specific  gravity,  determined  by  a  piece 
struck  off  from  it,  is  G'7.  The  whole  weight  amounts  to  about 
10,000  lbs.,  supposing  we  reduce  the  size  to  -i  or  ^  in  order  to  con- 
vert it  into  a  parallelogram.  The  coating  of  ochre  is  half  a  line 
thick.  Under  it  there  lies  a  kind  of  bark  half  an  inch  thick,  which 
may  be  easily  separated  from  the  stone.  It  is  greenish,  vesicular, 
and  eshibits  the  marks  of  fii-e.  Under  this  covering  lies  the  native 
iron.  It  is  extremely  tough.  In  breaking  off  a  few  specimens,  no 
fewer  than  eight  chissels  were  broken,  Mr,  Monheim,  a  pupil  of 
Vauquelin,  has  not  yet  finished  his  analysis  of  it ;  but  he  has  ascer-  - 
taJned  that  it  contains  no  nickel,  but  is  composed  of  about  -f  arsenic 
and  ^  iron.  Perhaps  also  there  rosy  be  a  third  metal ;  but  it  is  in 
so  small  quantity  that  Mr.  Monheim  has  not  yet  determined  its 
pature.* 

How  this  mass  has  come  to  Aachen,  we  have  no  information. 

*  Acci>rdiiig  (o  Ihe  eUleiDcnt  of  Luber,  Ilie  n'eiglit  of  Ihis  iaB«s  of  icfUi  WBi 
betivwn  IS.UOOaudlT.OOOlbi.,  and  it  was  covired  with  accaling  from  nn  balflo 
nne  Inch  in  Ihickneis.  Il  was  malleable,  and  cnnld  be  bardened  and  polished  like 
(lie  best  Engliih  strel.  Klaprotli  found  no  nickel  in  the  300  lbs.  of  unlive  iron 
found  at  Villa,  on  the  Cillina  di  Brianxa  [  bat  ia  tbe  1301b),  fiom  EUnboEea  t|a 
fiiaad  S-5  per  ccot,  at  nirkc), — Gilbebt. 
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The  Goveraor-General  ordered  search  to  be  made;  but  the  old 
chronicles  are  wanting.  There  is  a  tradition  among  the  people  that 
it  lay  at  the  Biichel,  and  that  as  long  as  it  lay  there  the  warm  baths 
would  never  fail.  Some  are  of  opinion  that  when  the  castle  of 
Charlemagne  at  Aachen  was  burnt,  the  iron  in  it  was  melted,  and 
formed  this  mass.  Others  are  surprized  that  it  was  not  destroyed  ia 
former  times.  My  opinion  is  that  we  ought  not,  without  knowing 
the  conclusions  of  naturalists,  determine  any  thing  respecting  the 
4>rjgin  of  this  remarkable  mass  of  iron. 


Article  XII. 


An  Account  of  the  Explosion  at  the  Smcess  Coal-Pit,  near  New- 
iotiley  in  the  County  of  Durham :  drawn  up  for  the  Annals  of 
Philosophy. 

ANOTHEa  dreadful  and  destructive  explosion  of  carbureted  hy- 
drogen gas  took  place  in  the  Success  coal-pit,  near  Newbottle^  in 
the  county  of  Durham,  the  property  of  Messrs.  Nesham  and  Co., 
on  Friday,  Junei2,  at  half-past  four  o'clock,  p.m.  by  which  57 
persons  were  killed  upon  the  spot,  besides  several  wounded. 

The  immediate  cause  of  this  shocking  catastrophe  is  not  clearly 
ascertained ;  though  it  is  generally  believed  that  the  pitmen  had 
inadvertently  worked  into  the  old  workings,  or  some  place  where 
there  had  been  a  large  collectiqn  of  inflammable  air. 

As  all  the  unfortunate  labourers  were  instantly  killed,  and  the 
explosion  and  consequent  very  rapid  return  of  the  atmospheric  air 
after  the  explosion  destroyed  the  headings  and  air  courses,  the 
whole  of  the  colliery  became  so  completely  altered  that  no  correct 
idea  of  the  cause  from  appearances  could  be  formed.  It  is  also  the 
q>inion  of  well-informed  persons,  who  were  present  at  the  time  of 
the  accident,  that  from  some  unaccountable  circumstance  the  at- 
mospheric air  could  not  be  sent  down  m  sufficient  quantity,  and  ia 
a  proper  direction,  after  the  explosion,  to  those  persons  who  might 
have  escaped  the  destructive  power  of  the  explosbn,  who  might  five 
till  their  scanty  supply  of  atmoepheric  air  became  exhausted. 

When  the  explosion  took  place,  72  men  and  boys  were  at  work 
at  the  depth  of  108  fathoms;  and  though  the  greatest  endeavours 
were  made  to  relieve  those  distcessed  persons,  only  15  survived, 
some  of  whom  are  in  a  very  precarious  state.  The  explosion  was 
so  great  as  to  carry  every  thing  before  it,  till  it  was  impeded  in  its 
prepress  by  a  large  waggon,  which,  with  the  driver  and  horse,  were 
dashed  to  pieces. 

Several  men  in  the  colliery,  after  they  had  escaped  this  tornado 
of  fire,  endeavoured  to  reach  the  shaft;  but  death  arrested  them  ^n 
their  road ;  for  breathing  an  atmosphere  surchatg<&d  m\!Ki  «Mi 
add  g9s^  their  destructioa  now  became  iDevi\a\At* 
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Some  of  tlie  men  survived  till  tlicy  were  brought  up  the  shaft  into 
the  atniosphete,  wlien  they  died,  perhaps  unable  lo  Ijear  the  sti- 
muius  of  the  atmospheric  air  afier  the  state  of  exhaustion  in  which 
they  had  previoualy  hved  for  some  time. 

After  a  considerable  explosion  takes  place  in  a  coal-mine,  thp 

Eitmen  are  often  drenched  with  water,  which  is  probably  occasioned 
y  the  rapid  combustion  of  hydrogen  gas  in  such  a  confined  silun- 
tion,  as  may  be  readily  understood  by  persons  conversant  with  che- 
niisiry.  At  the  same  time  all  the  partitions  and  divisions  being- 
broken  down,  whilst  the  air  courses  are  converted  into  a  complete 
wreck,  and  the  whole  atmosphere  of  the  mine  so  much  agitated,  it 
is  to  be  expected  that  the  carbonic  acid  gas  will  be  distributed 
through  the  bottom  of  the  mine,  and  suffocation  become  the  fate  of 
those  persons  who  escape  the  immediate  effects  of  the  explosion. — 
Out  of  19  horses  only  six  died. 

It  is  melancholy  to  relate,  that  in  the  short  space  of  a  month  1 32 
useful  and  laborious  persons  have  been  numbered  with  the  dead  at 
Heaton  and  the  Success  collieries,  leaving  nearly  SOO  widows  and 
orphans  to  be  subsisted  by  charity  and  parochial  assistance. 

It  is  curious,  and  perhaps  worthy  of  remark,  that  Kobson  and 
Miller,  accomplices  with  Edward  Smiles  in  the  robbery  at  Mr. 
'Cuihberl  Pye's,  Scaffold  Hill,  some  time  ago,  are  amongst  the 
killed  in  the  late  accidents  at  Heaton  and  Success  collieries;  and 
upon  the  3d  inst.,  the  day  after  the  latter  accident,  Mr.  Cutlihert 
Pye  himself  died  at  ScafJbId  Hill. 

The  efforts  at  Heaton  colliery,  though  very  considerable,  have 
not  yet  been  so  far  successful  as  to  remove  the  water,  and  permit 
the  interment  of  the  unfortunates  who  were  lost  in  that  colliery. 

On  Monday,  June  5,  another  explosion  occurred  at  the  Tyne 
Main  colliery,  by  which  one  man  was  severely,  though  not  fatally, 
scorched. 

As  most  of  the  explosions  in  coal-mines  have  talien  place  in  the 
summer  season,  it  appears  desirous  that  particular  care  be  taken 
during  the  hot  weather,  which,  perhaps,  by  expanding  such  an 
elastic  fluid  as  hydrogen  gas,  may  afford  a  facility  to  such  dreadful 
accidents.  F. 

JtewcoMtle,  June  12,  1815. 


Article  XIII. 
Analyses  op  Books. 


^        XI.  Account  of  the  Coal- Field  al  Brad/nrd,   near  Manchester. 
Bjr  Robert  BakeweU, — This  coal-field  is  about  two  miles  long,  and 
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2000  yards  broad.  It  lies  over  the  old  re^  sand-stone.  There  are 
ten  beds  of  coal,  which  dip  to  the  souths  at  an  angle  of  about  30°. 
The  other  beds  consist  of  slate*  clay  and  bituminous  shale,  with 
iron*stone,  sometimes  in  beds,  sometimes  in  nodules.  Above  the 
first  bed  of  coal  there  lie  three  beds  of  lime-stone,  from  two  to  six 
feet  in  thickness,  of  a  reddish-brown  colour,  and  without  animal 
remains.  The  most  important  bed  of  coal  is  about  the  middle,  and 
is  four  feet  thick.  On  the  north  side  of  the  field,  about  ten  yards . 
from  the  red  sand-stone,  a  perpendicular  bed  of  coal  four  feet  thick 
rises  to  the  surface.  It  terminates  the  coal.  The  space  between  it 
and  the  red  sand-stone  being  filled  with  irregular  fragments  of  rock, 
every  thing  shows  that  this  perpendicular  bed  is  the  same  as  the 
four-feet  bed  in  the  coal-field.  Fourteen  hundred  yards  to  the 
north  of  Bradford  there  is  another  coal-field.  They  are  divided 
from  each  other  by  old  red  sand  stone.  Mr.  Bakewell  supposes  that 
this  sand-stone  has  been  forced  in  horizontally  between  the  two 
fields,  and  l\as  occasioned  the  change  in  the  direction  of  the  four-, 
feet  bed.  He  supposes  likewise  that  the  mill-stone  grit  of  Derby- 
shire is  a  continuation  of  the  old  red  sand-stone. 

XII.  Some  yiccount  of  the  Island  of  Tenerijfe.  By  the  Hon. 
Henry  Grey  Bennet,  M.P.  F.R.S.  Pres.  Geological  Society. — . 
This  is  the  principal  of  the  Canary  Islands*  It  is  about  70  miles 
long  and  SO  bro^d.  A  range  of  mountains  runs  through  its  centre. 
The  Peak  is  a  little  to  the  south-west  of  the  centre.  Its  height  is 
about  12,500  feet.  The  whole  of  the  island  is  volcanic,  and  all  its 
rocks  are  lava.  Mr.  Bennet  conceives  that  formerly  a  very  large 
crater  (twelve  miles  in  diameter)  existed,  the  sides  of  which,  under 
the  name  Iais  Faldas,  may  be  still  traced  a  great  way.  Many 
extinct  volcanoes  are  to  be  seen  every  where.  The  crater  at  the  top 
of  the  Peak  is  but  small,  and  seldom  in  activity.  The  lavas  vary  io: 
their  appearance ;  some  are  composed  of  horn-blende  and  felspar^ 
without  any  foreign  body ;  these  are  porphyritic ;  some  are  com- 
posed of  green-stone,  and  contain  olivine,  augite,  zeolites ;  some 
are  basaltic.  These  decompose  the  soonest,  and  constitute  the 
most  fertile  soil.  There  is  also  pumice  in  abundance,  tufa,  ashes, 
and  a  lava  exactly  resembling  obsidian.  Mr.  Bennet  gives  an 
interesting  account  of  a  journey  which  he  made  to  the  top  of  the 
Peak  in  1810. 

XIII.  On  the  Junction'  of  Trap  and  Sand^stone  at  Stirling 
Castle.  By  Dr.  Macculloch. — The  appearance  here  described  wsis 
laid  open  to  view  by  digging  a  new  road  across  the  Castle  Hill. 
Horizontal  beds  of  stand-stone  occur,  at  first  thick,  l)ut  becoming 
thinner  as  they  ascend.  Green-stone  lies  over  them,  and  several  of 
the  beds  of  sand-stone  appear  forcibly  bent  upwards  at  one  end, 
while  the  green-stone  has  insinuated  itself  below  them,  and  filled 
up  the  interval.  The  sand-stone  where  in  contact  with  the  green- 
stone is  converted  into  horn-stone,  or  rather  flinty-slaie.  This  fact 
Dr.  Macculloch  brings  forward  as  a  confirmation  of  the  Huttonian 
theory  of  tlie  formation  of  green-^tpne.    I  have  mys^lC  ^iaxc^\\9&^ 
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with  all  tlie  requisite  care  the  different  spots  of  a  similar  nature 
pointed  out  by  Dr.  Hutton,  or  his  followers,  near  Edinburgh,  but 
neper  was  able  to  perceive  the  force  of  any  of  their  conclusions.  I 
was  long  at  a  loss  to  conceive  what  was  meant  to  be  conveyed  by  the 
term  indurated  sand-stone.  At  last  a  friend  was  good  enough  to 
show  me  specimens.  I  found  that  the  indurated  sand-stone  of  Dr. 
Hutton  and  his  followers  is  the  mineral  well  known  by  the  name  of 
fiinty  slate.  Dr.  Macculloch  mentions  clay-slate  as  occurring  in 
the  rock  of  Stirling  Castle.     He  obviously  means  slate-clay, 

XIV.  On  tke  Econoinjj  of  the  Mines  of  Con/wall  and  Devon. 
By  John  Taylor,  M.  G.  S. — The  raining  concerns  of  Great  Briiaia 
being  all  under  the  management  of  individuals,  without  any  con- 
troul  whatever  on  the  part  of  government,  cannot  be  expected  to 
proceed  with  such  regularity,  or  to  be  conducted  with  aucii  skill, 
as  in  those  countries  where  the  whole  has  been  for  ages  under  the 
management  of  men  educated  for  the  purpose,  and  where  every 
particular  relating  to  the  mines  lias  been  from  tiic  first  carefully 
recorded.  Yet  the  improvements  which  have  taken  place  to 
mining,  especially  in  Cornwall,  have  been  very  great ;  and  the 
vigour  with  which  mining  is  carried  on  in  tl^iat  country  is  truly 
surprising.  Mr.  Taylor  ascribes  this  in  a  good  measure  to  the 
system  which  has  been  gradually  introduced,  and  which  he  de- 
scribes. The  owner  of  the  soil  lets  the  mine  for  21  years  to  the 
xdventurers,  at  a  stipulated  rate,  which  varies  from  -^  part  of 
the  ore  raised,  fo  ith  part,  according  to  circumstances.  The 
mine  is  usually  divided  into  G4  shares,  which  are  parcelled  out 
among  the  adventurers.  The  mine  is  under  the  charge  of  a  prin- 
cipal captain  or  agent,  who  has  under  him  several  subordinate 
captains-  These  are  all  practical  miners  of  great  skill  and  inte- 
grity. There  are  other  subordinate  persons  connected  with  the 
mines,  whom  Mr.  Taylor  describes.  Tlie  workmen  are  all  em- 
ployed by  the  piece.  The  work  to  be  done  is  put  up  to  auction 
and  given  to  the  lowest  bidder.  These  sales  are  open,  and  consi- 
derable competition  often  takes  place  at  them.  The  work  to  be 
done  is  of  three  kinds :  tutwork,  tribute,  and  dressing.  Tutwork 
isdooeby  measure,  as  siuking  of  shafts,  driving  of  levels,  stop- 
ping ground.  Tribute  is  payment  for  raising  the  ore,  dressing  it, 
and  rendering  it  marketable.  Dressing  is  money  given  for  dressing 
those  parts  of  the  ore  which  the  tribuiers  throw  away.  It  is  to 
this  mode  of  raising  ore  by  contract  thut  Cornwall  is  indebted  for 
the  intelligence  of  its  miners,  and  for  most  of  the  improvements 
in  mining  which  have  taken  place  in  it.  The  ore,  when  dressed, 
is  sold  to  the  different  tin  and  copper  companies. 

XV.  On  the  Origin  of  a  remarkable  Class  of  Organic  Impres- 
sions  occurring  in  Nodules  of  Flint.  By  the  llev.  William  Cony- 
beare,  M.  G.  S, — This  substance  was  first  observed  by  Mr.  Parkin- 
son, and  thus  described  by  him:  "Small  round  compressed 
bodies,  not  esceeding  the  eighth  of  an  inch  in  their  longest  dia- 
Dseter  and  horizontally  dlspo^^ed,  arc  connected  by  processes  nearliu. 
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of  the  finenesB  of  a  hair^  which  pass  from  diSecent  parts  of  each 
of  these  bodies,  and  are  attached  to  the  surroundiog  ones;  the 
wh<4e  of  these  bodies  being  thus  held  in  connexion."  He  classes 
them  among  the  corals,  acknowledging  at  the  same  time  that  they 
beir  no  reseinblance  to  any  known  genus.  Mr.  Conybeare,  in 
this  paper,  shows  that  they  are  silicious  casts  of  cavities,  which 
have  been  formed  in  different  kinds  of  shells  by  some  animalcule, 
whicli  fed  upon  the  substance  of  the  shell,  and  which,  after  ex* 
hausting  one  place,  made  its  way  to  another.  ^ 

XVI.  A  Uescription  of  the  Oxide  of  Tin,  the  Prodi^iion  of, 
Comwall}  of  the  primitwe  Crystal  and  its  Modifications^  including 
OH  Attempt  to  ascertain  with  Precision  the  Admeastirement  of  the 
Armies  by  means  of  the  reflecting  Goniometer  of  Dr.  JVollaston ; 
to  which  is  added  a  Series  of  its  crystalline  Forms  avd  Varieties. 
By  Mr.  William  PIrilips,  M.  G.  S. — This  is  a  most  elaborate  and 
exact  delineation  of -all  the  different  crystalline  figures  which  Mr. 
Philips  has  observed  in  Cornish  tin  ore,  referred  to  the  primitive 
figure  of  tin-stone  and  twelve  modifications  of  it.  But  it  would 
be  impossible  to  render  the  paper  intelligible  to  the  reader  without 
the  numerous  figures  which  accompany  it,  and  indeed  constitute 
its  chief  value.  The  primitive  form  is  an  octahedron,  consisting 
of  two  four-sided  pyramids  applied  base  to  base.  The  plane 
formed  by  their  junction  is  a  square.  The  inclination  of  the  faces 
of  one  pyramid  to  those  of  the  other  is  67^  5(/.  The  twelve  mo- 
difications, described  by  Mr.  Philips,  consist  of  the  primitive  form 
altered  by  various  truncatures,  (for  the  language  of  Rom^  de  Lisle 
q)plies  best  to  Mr.  P's  mode  of  describing,)  on  the  angles  and 
(ilges.  The  figures  of  the  different  crystals  given  by  Mr.  P.  are  in 
general  very  distinct  and  beautiful. 

XVII.  On  some  new  Varieties  of  Fossil  Alcyonia.  By  Thomas 
Webster,  M.  G.  S. — In  the  green  sand-stone  in  the  Isle  of  Wight, 
Mr  Webster  observed  numerous  bodies  exactly  resembling  the 
branches  of  trees;  in  the  lime-stone  he  observed  small  smooth 
round  bodies,  bearing  a  resemblance  to  eels  in  motion.  These 
bodies  occur  in  prodigious  quantities  in  the  romantic  cliSs  of 
Western  Lines.  In  that  place  they  are  found  frequently  termi- 
nating in  bulbous  heads,  bearing  a  certain  resemblance  to  a  closed 
talip.  He  considers  them  as  casts  of  three  or  four  new  and  hitherto 
undescribed  species  of  alcyonia. 

XVIII  •  Miscellaneous  Remarks  accompanying  a  Catalogue  of 
Specimens  transmitted  to  the  Geological  Society.  By  Dr., Mae- 
culloch. — ^This  long  paper  consists  of  remarks  on  the  mineralogical 
structure  of  various  places  in  Scotland.  The  Island  of  Rona  con- 
sists chiefly  of  gneiss.  There  are  many  granite  veins  in  which  our 
author  observed  wolfram.  Graphic  granite  is  common,  containing 
a  mineral  which  has  been  termed  chalcedony.  I  believe  it  to  be 
roek  crystal.  Dr.  M.  makes  some  remarks  on  the  impropriety  of 
applying  the  term  greenstone  to  primitive  transition  and  floetz 
rocks.    His  primitive  green-stone  is  obviously  sajenite,  itotck  \^<(; 
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description  lie  gives  rjf  it.  He  will  fiad  (liis  rock  always  the  sanu 
ill  its  appeardDve,  whether  it  oceur  in  primitive,  traasition,  cq 
fioetz  formations.  Therefore,  like  Ume-shiie,  it  must  alwayi 
bear  the  same  name.  Good  upecimens  of  primitive  greeQ-stuni 
may  be  met  with  in  the  neighbourhood  of  Crieff,  1  do  not  reeok 
left  to  have  met  with  them  any  where  else  in  Scotland.  I  do  aol 
understand  what  \s  meant  by  the  floetz  green-atone  being  inder 
pendent  of  the  rocks  with  which  it  is  associated.  If  Dr,  M-  wilj 
tr/ivel  from  Kel^o  to  Sutra  Hill,  ou  the  road  to  Edinburgbj  he  will 
find  in  the  southern  part  of  his  journey,  abundance  of  very  cha- 
racteristic specimens  of  floetz  greeu-stone.  As  he  advances  uorthf 
ward,  he  will  find  these  characters  slowly  and  almost  im  percept  I  blj 
changing,  till  at  last  the  rock  at  Sutra  Hill  is  pure  grey-wacke. 
In  this  jwrt  of  Scotland  the  transition  from  grcen-sione  to  grey- 
wacke  may  be  distinctly  traced.  What  Is  more  common  than  to 
find  green-stone  passing  into  basalt,  into  wackc,  and  even  into 
slute-day?  Such  transitions  must  be  familiar  tu  every  pei-son  wlw 
has  examined  the  rocks  about  Edinburgh  and  In  Fife. 

Tiie  Shiant  Islands,  near  Lewes,  are  composed  of  trap ;  but  tlic 
Doctor's  descriptions  arc  not  sufficiently  minute  and  precise  le 
enable  us  to  know  the  individual  species.  He  terminates  his  ac- 
count, as  usual,  with  an  invective  against  the  inaccuracy  of  the 
present  nomenclature  of  rocks.  Perhaps  a  more  minute  attention 
than  he  seems  to  have  paid  to  the  Wernerian  division  and  descrip* 
tion  of  trap  rocks,  would  have  induced  him  to  alter  his  opinion 
upon  this  subject.  It  appears  to  me  aa  odd  way  of  proceeding  to 
estimate  the  progress  which  a  science  has  made,  by  our  own  pro- 
gress in  the  knowledge  of  It. 

The  Island  of  Rum  is  of  so  difficult  access  that  It  was  only  par- 
tially examined.  The  lowest  rock  found  was  a  sand-stone,  sup- 
posed to  have  been  formed  from  granite.  Over  this  was  a  green- 
stone, composed  of  auglte  and  felspar,  which  Dr.  M.  thinks 
peculiar  to  Kum.  It  occurs,  however,  in  East  Lothian.  Over 
this  is  an  amygdaloid,  containing  chalcedony,  heliotrope,  and 
plasma.  The  occurrence  of  these  two  last  minerals  in  this  place 
had  been  previously  pointed  out  by  Professor  Jameson. 

The  Scuir  of  Egg,  which  in  magnificence  far  exceeds  the  cele- 
brated columns  of  Staffa,  was  first  pointed  out  by  Professor  Jame- 
son. Dr.  M.  says  these  columns  are  composed  of  black  pitch-stone 
porphyry.  I  believe,  with  Professor  Jameson,  that  they  consist  of 
a  mineral  Intermediate  between  basalt  and  pitch-stone. 

Dr.  M.  gives  an  account  of  a  very  extensive  lime-stone  forma- 
tion, beginning  at  Assynt,  and  running  east,  and  alternating  with 
a  quartz  rock.  He  calls  it  bituminous  lime-stone.  This  name  is 
not  correct.  It  contains  carbon,  and  emits,  when  rubbed,  the 
smell  of  sulphureted  hydrc^en.  It  belongs  to  the  well-known 
lime-stone  formation,  described  and  analysed  by  John,  under  the 
name  of  lucidlite.  It  is  not  possible,  from  Dr.  M.'s  description, 
to  make  out  Its  geognostk  relations,     I  have  little  doubt  that  i)  ' 


:  doubt  that  ■*  **  » 
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nnsition  lime-stone,  as  lucullite  has  only  been  hitherto  observed 
B  that  position. 

Ofur  author  gives  a  description  of  the  lime-stone  of  Isla,  and 
xtj%  it  is  the  general  opinion  of  the  Scotch  mineralogists  that  it  is  a 
loetz  liaie-stone.  This  is  surely  a  mistake.  Mr.  Jameson,  in  his 
IVarels,  calls  it  primitive  lime-stone  ;  and  as  far  as  my  information 
loeay  this  is  the  general  opinion  at  Edinburgh.  How  far  it  is  cor- 
vttti  1  hive  no  means  of  knowing,  as  I  never  visited  the  island. 

The  cmg  of  Ailsa  is  a  well-known  mountain,  that  rises  out  of  the 
Ba  at  the  mouth  of  the  Frith  of  Clyde.  Dr.  M.  rightly  calls  it  a 
mnite.  From  its  texture  and  resemblance  to  tlie  syenite  of  Arran 
Aere  can  be  little  doubt  that  it  is  a  floetz  syenite.  The  rock  of 
Syene  is  a  true  syenite.  It  does  not  occasionally  contain  hornblende; 
m\  mineral  is  an  essential  constituent.  Syenite  is  connected  usually 
with  porphyry,  not  with  granite ;  primitive  syenite  with  primitive 
porphyry ;  and  floetz  syenite  witli  floetz  porphyry.  Hence  the 
propriety  of  ^ving  the  same  name  to  both  ;  and  hence  the  reason 
far  separating  the  rock  from  granite,  with  which  it  is  not  con- 
aected. 

An  account  is  given  of  Devar,  an  island  at  the  harbour  of  Camp- 
belhoD^  composed  of  felspar-porphyry.  Dr.  M.  says  this  rock 
eoDstitutes  the  finest  specimen  of  porphyry  he  has  seen  in  Scotland. 
Hoch  finer,  however,  exist  in  Arran.  Our  author's  invectives 
igiinst  the  word  porphyry  are  very  amusing.  I  an)  not  aware  that 
ny  ambiguity  exists  in  the  use  of  that  term.  Porphyry  is  a  rock 
conrifting  of  a  basis  containing  crystals  of  felspar  imbedded  in  it. 
lliese  crystals  are  essential  to  the  stone,  and  therefore  never  want- 
kg.  The  term  porphyry ^  like  Irapy  is  generic.  The  species  are 
JBtiDguished  by  naming  the  base,  and  prefixing  it  to  the  term  iK>r- 
phyry.  Thus  felspar-porphyry^  clay- stone- porphyry^  horn-stone' 
Iprphgry,  pitcli^stone-porphynj.  There  is  no  ambiguity  here. 
£iery  mineralogist  knows,  or  ought  to  know,  tliat  these  bases  are 
toonected  together,  and  pass  into  each  other.  If  I  am  told  that  a 
[lock  is  composed  of  jwrphyry,  1  ask  what  porphyry  ?  The  answer, 
fcfapar-porphyry  or  clay-stone-porphyry,  defines  the  species.  It  is 
trae  that  porphyry  occurs  in  different  formations ;  so  do  trap  and 
jlne-stone  ;  but  it  will  be  found  that  it  assumes  a  similar  position  in 
aUthe  difierent  formations* 

Under  the  head  Arran,  Dr.  M.  introduces  a  discussion  whether 

Ignnite  ever  occurs  stratified  or  not,  and  terminates  as  follows  :— 

rVfe  have,  however,  a  perfect  certainty  that  it  {Arran  granite)  is 

Mt  stratified,  because  veins  are  found  arising  from  it,  and  entering 

hhe  mass  of  incumbent  schistus  in  the  well-known  junction  at  Loch 

lioza."    I  do  not  perceive  the  force  of  this  mode  of  reasoning.  Dr. 

M.,  I  dare  say,  will  admit  sand-stone  to  be  a  stratified  rock;  yet 

idns  of  it  passing  into  the  incumbent  rock  are  not  uncommon  iff 

Ifarri&s  near  Edinburgh. 

Under  tb«  head  of  rortsoy,  J)r,  M,  enters  Into  some  specuWvotv* 
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about  the  origin  of  the  crystals  of  schorl,  &c.  They  have  some-  i 
times  the  appearance  of  being  broken,  and  sometimes  are  incur-  i 
vated.  1  conceive  the  broken  appearance  is  merely  a  deception  i 
arising  from  the  simultaneous  formation  of  various  crystals,  which  1 
are  intermixed  with  each  other.  1  have  seen  simitar  appearances  in  i, 
the  crystallization  of  various  mixtures  of  salt  in  my  own  lahoratoiy,  li 
The  curve  must  also  have  been  the  original  state  of  the  crystal  which  k 
Dr.  M.  descrihea.  I  recollect  several  years  ago  to  have  obtained,  .j 
crystallized  in  a  common  pbial>  large  curved  crystals  of  muriate  of  a 
strontian.  The  crystal  of  schorl  passing  through  garnet  must  be  t 
explained  on  similar  principles. .  i 

Craig  Cailleach,  a  mountain  near  Hillin,  is  composed  of  cblo-  e 
rite-state,  and  contains  veins  and  nodules  of  quartz.  In  this  quartz  i 
crystals  of  rutile  occur.  « 

Dr.  M.  enters  into  some  speculations  respecting  the  contortions  i a  ^ 
the  strata  of  mica-slate  visible  at  Loch  Lomond,  and  infers  that  tliey  4 
must  have  been  produced  by  the  action  of  exlernal  forces.  Thi 
reasoning  of  the  Huttonians  on  this  subject  is  well  liiiuwn.  The  g 
subject  ought  to  be  considered  in  a  more  genei-al  point  of  view  thaa  ^ 
has  hitherto  been  done.  Nothing  Is  more  usual  than  to  6nd  granite,  a 
gnebs,  marble,  lime-stone,  green-stone,  basalt,  &c.  composed. -of 
granular  distinct  concretions,  A  section  of  all  such  rocks  would  ^ 
yield  the  same  appearance  of  contortions.  The  apparent  contor-  ^ 
tions  in  mica-slate,  and  In  the  contemporaneous  veins  which  Dr.  ^ 
M.  has  drawn,  are  owing  to  the  same  cause,  whatever  it  is,  that  hai  gj 
produced  the  granular  distinct  concretions  in  the  above-mentioned  ^ 
racks.  It  is  impossible  to  ascribe  this  to  an  external  force.  It  _ 
must  be  owing  to  a  law  connected  with  the  original  formation  of  the  j 
stone  similar  to  that  which  produces  the  various  cleavages  in  cry»-  ^ 
tals,  and  depending  obviously  upon  the  same  cause.  ^ 

Dr.  M.'s  observations  on  grey-wacke  and  transition  slate  appear  ^ 
to  me  perfectly  just ;  though  I  am  not  aware  that  they  possess  any  _ 
Bovelty.  They  may,  however,  be  useful  in  drawing  the  attentioB  — 
of  English  mineralogists  to  the  definition  of  a  term  which  they  arc  — 
in  the  habit  of  using  with  too  much  latitude.  1  do  not  think  that  ^ 
the  term  mechanical,  in  the  usual  sense  of  the  word,  can  be  applied  ^ 
to  grcy-wacke.  1  believe  It  was  originally  formed  in  the  same  state  ^ 
as  it  exists  in  at  present,  and  that  it  is  not  a  true  sand-stone.  ^ 

Our  author  terminates  his  paper  with  an  account  of  the  rockc 
about  Aberfoyieand  Loch  Ketterin,  He  considers  them  as  greyt  '.^ 
wacke  alternating  with  mica-slate.  As  far  as  I  could  make  out  these 
locks,  for  I  have  been  on  the  spot,  they  are  primitive  ;  sometime*^ 
mica-slate,  sometimes  quartzose  clay-slate.  There  can  be  nO'  ^ 
doubt  that  the  primitive  rocks  graduate  imperceptibly  Into  the  Iran*  ^ 
tJCion  ;  hut  so  do  the  transition  into  the  ftoetz,  as  may  he  seen  very  m 
Well  in  Berwickshire;  so  that  if  this  gradation  were  sufficient,  as  ^ 
the  Doctor  supposes,  for  inducing  us  to  confound  the  primitive^ 
■ad  tiaasitioQ  rocks,  it  would  be  equally  sufficient  to  induce  t    " 


ce  us-Wj 
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confound  the  primitive,  transition,  and  floetz  rocks,  and  to  abolish 
all  distinctions  whatever.  Such  gradual  transitions  might  have 
been  expected,  and  indeed  were  previously  well  known. 

XIX.  Remarks  on  several  parts  of  Scotland  which  exhibit  Quartz 
Rock,  and  on  the  Nature  and  Connections  of  this  Rock  in  general. 
By  Dr.  Macculloch. — Our  indefatigable  mineralogist  describes,  in 
me  first  place,  the  mountains  of  Jura,  which  are  chiefly  composed 
of  a  granular  quartz.     He  endeavours  to  show  that  this  quartz  is  ia 
reality  a  sand-stone  formed  of  disintegrated  granite :  that  it  some- 
times contains  clay,  sometimes  rounded  grains  of  felspar,  and  some- 
times rolled  masses  or  pebbles  of  quartz  itself.     No  mode  of  rea- 
soning is  more  apt  to  lead  into  mistakes  than  this.    And  I  am 
strongly   inclined  to  believe  that   on  the  present  occasion  Dr. 
Macculloch  has  misled  himself  by  his  own  ingenuity ;   at  least 
no  specimen  of  this  rock  which  I  ever  saw  contained  a  single 
true  fragment,  or  gave  any  evidence  that  it  was  any  thing  else 
than  true  granular  quartz.    He  then  gives  an  account  of  the 
quartz  rock  which  occurs  in  Sutherlandshlre,  at  Schihaliien,  and 
in  several  other  places.    In  all  these,  according  to  him,  it  is  exactly 
of  the  same  nature  as  at  Jura.     Now  at  Jura  it  is  covered  by  mica- 
shte;  therefore  mica-slate,  he  infers,  is  of  later  formation  than 
sand-JStone,  and  consequently  ought  to  be  struck  out  of  the  list  of 
primitive  rocks.     This  mode  of  reasoning  is  not  accurate.    Quarts 
rock  occurs  in  primitive,  transition,  and  floetz  formations,  provided 
Ac  old  red  sand-stone  be  included  under  it.    Primitive  quartz  rock 
ii  not  a  sand-stone,  but  a  granular  quartz ;  so  is  transition  quarts 
lock ;  but  floetz  quartz  is  a  true  sand-stone,  at  least  in  many  cases. 
Primitive  quarts  rock  forms  beds  in  mica-slate  as  in  Jura,  in  gneiss 
and  granite  in  Braemar,  in  mica-slate  in  Schihaliien,  in  clay-slate 
in  Beniwhone.    It  occurs  also  in  grey-wacke.    It  occurs  in  the 
toil  formation,  and  among  the  floetz  rocks.    In  this  respect  quartz 
lock  agrees  with  lime-stone,  trap,  porphyry.      There  is  nothing 
wonderful  in  finding  this  recurrence.    Nor  does  it  militate  in  the 
lent  against  the  doctrine  of  formations,  or  the  division  of  rocks  into 
primfrive,  transition,  and  floetz.     That  division  is  founded  entirely 
upon  petrifactions.     None  exist  in  primitive.     They  exist  in  transi- 
Am  rocks ;  but  only  the  lowest  classes  of  vegetables  and  animals 
are  found  in  this  position.     The  floetz  rocks  contain  petrifactions 
Bmre  similar  to  the  living  beings  that  now  exist ;  and  this  similarity 
ioereases  as  we  descend  in  the  series.     Remove  these  grand  distioc- 
tkms,  and  the  whole  doctrine  of  rocks  is  plunged  into  confusion. 
;  Retain  them,  and  the  whole  is  clear.     When  the  same  rock  occurs 
ID  difierent  classes,  we  have  only  to  apply  to  it  tlie  name  of  the  class 
ID  whicii  it  b  found  to  keep  every  thing  distinct :  and  we  have  only 
to  abstain  from  applying  the  observations  which  we  make  upon  a 
lock  when  it  occurs  in  one  class  to  the  same  rock  when  it  occurs  iii 
■Dother  class,  to  prevent  our  falling  into  mistakes,  and  drawing 
absurd  consequences. 
XX.  Notice  relative  to  the  Geology  of  the  Coast  of  LalradoT* 


\ 
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By  the  Rev.  Mr.  Steiiibauer. — The  Unhed  Brethren  have  visited  f 

this,  coast  as  missionaries.    They  formed  a  settlement  at  Nain,  in  N.  ■ 

lat.  56°  38' ;  and  afterwards  two  others,  Okkak  in  lat.  68°  43%  and  " 

Hopeland  in  lat.  55°  36^     It  is  by  these  missionaries  that  all  the  ' 

.  Labrador  minerals  have  been  sent  to  Europe.    The  present  notice  r 

is  drawn  up  from  the  information  of  the  missionaries.    The  coast  n  f 

mountainous  and  nearly  barren^  the  rocks  being  bare  of  soil.  Deep  f 

rifts  are  common,  as  if  they  were  veins  not  yet  filled  up.     The 

rocks,  as  far  as  observed,  are  primitive ;  granite  and  chlorite  are 

particularly  mentioned;  both  the  Hypersten  and  the  Labrador  &1*  . 

spar  seem  to  occur  in  primitive  rocks.    Floetz  or  transition  rocb  \ 

occur  at  Hopedale ;  for  lime-stone  has  been  found  there  containiog  ^ 

madrepores.     The  height  of  the  mountains  is  estimated  at-30(K)  feet^  ^ 

:    XXL  Memoranda  relative  to  Clovelbjy  North  Devon. — ^By  the  ^' 

Rev.  L  L  Conybeare,  M.  G.  S. — ^This  is  a  very  interesting  |>aper.  § 

The  rocks  at  Clovelly  are  grey-wacke  and  grey-wacke-slate.  Sevenil 

distinct  drawings  are  given  of  the  contortions  of  the  beds.     Who-  * 

ever  will  take  the  trouble  to  examine  these  drawings  will  see  hoir  ? 

utterly  impossible  it  is  to  account  for  these  contortions  by  the 

squeezing   system,    which  has  been   brought  forward  iVith  such  * 

parade.     The  view  of  Mr.  Conybeare  with  respect  to  the  Cornish  * 

clay -slate  is  the  same  which  I  myself  gave  in  my  paper  on  CbrD-  S 

wail.     But  there  are  some  circumstances  which  throw  doubts  upon  ^ 

.  the  real  position  of  the  Cornish  slate.    The  slate  at  Plymouth  if 

undoubtedly  transition ;  yet  it  possesses  all  the  characters  of  the 

kilias  of  Cornwall.     This  transition  slate  may  be  traced  as  far  we4 

as  St.  Michaers  Mount;  and  from  the  direction  of  the  beds  thera 

can  be  no  doubt  that  it  passes  under  the  granite,  which  coustitutes 

the  greatest  part  of  that  mount.     Indeed,  upon  the  south-west  side 

of  the  mount  it  may  be  found  alternating  with  that  granite^  Hence 

the  mere  appearance  of  the  kilias  is  not  sufficient  to  constitute  it  a 

primitive  rock.    We  have  no  proof  at  present  to  the  contrary ;  but 

the  discovery  of  any  petrifactions  in  it  would  be  a  decisive  proof.  It 

is  to  be  hoped,  therefore,  that  tlie  Gentlemen  in  Cornwall  who  arc 

interested  in  the  subject  will  endeavour  to  ascertain  whether  any 

such  petrifactions  exist  in  it  or  not. 

XXII.  On  Staffa.  By  Dr.  Macculloch. — StafFa  has  been  ao 
often  described  that  little  remains  to  be  said  respecting  it.  Dr.  M* 
visited  it  twice,  and  examined  it  with  as  much  care  as  possible; 
The  columns,  he  says,  are  basalt.  From  the  specimens  which  I 
have  examined,  I  conceive  that  the  term  porphyry-slate  is  mom 
applicable  to  the  rock  of  Staffa  than  basalt.  The  Doctor  refuses  t( 
admit  the  presence  of  trap  tuff  in  Staffa,  though  there  cannot  bea  j 
doubt  that  the  pillars  stand  upon  trap  tuff.  Trap  fufif  is  tiot  t.  ' 
breccia,  as  Dr.  M.  supposes.  Nothing  is  more  easy  than  to  study 
this  rockj  4is  a  considerable  |)art  of  Arthurseat  is  composed  of  iti 
Its  base  is  a  reddish-brown  clay.  It  contains  what  has  the  appearr 
ance  of  fragments  of  other  stones  ;  but  a  careful  examination  wiU 
snthty  any  person  tlwt  ihey  are  not  real  fragrncuts,  but  minerals^ 
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which  have  been  deposited  at  the  same  time  with  the  clayey  basis. 
1  consider  traptuff  not  as  a  breccia,  but  as  an  original  rock.  Dr, 
M.  observed  rolled  masses  of  granite,  goeiss,  and  other  primitive 
rocks  upon  Stafia.  He  supposes  that  this  had  escaped  the  observa- 
tion of  preceding  observers.  But  this  is  a  mistake.  I  am  pretty 
8Ui:e  that  the  same  observation  was  made  by  Faujas  de  St.  Fond ; 
though  I  have  it  not  in  my  power  at  present  to  consult  his  book. 
Mr.  Mills  mentions  the  same  thing  m  his  paper  published  in  tbe 
Fhilpsophical  Transactions,  17^0,  vol-  Ixxx.  p.  73. 

XXIiI.  On  Vegetable  Remains  preserved  in  Chalcedony.  By  Dr. 
(laccuUoch. — Nothing  is  more  common  than  to  observe  in  agates 
arborizations  having  a  close  resemblance  to  plants.  The  same  thing 
occurs  in  chalcedony.  Daubenton  many  years  ago  wrote  a  paper 
on  the  subject,  in  which  he  even  names  the  species  of  plant  con- 
tained in  the  chalcedony  which  he  examined.  Dr.  M.  likewise 
collected  a  great  many  of  these  chalcedonies,  and  the  result  of  a 
careful  examination  satisfied  him  that  true  plants,  chiefly  confervas 
and  mosses,  occur  in  chalcedonies ;  though  very  perfect  imitations 
of  them  are  often  produced  by  chlorite.    To  distingubh  the  true 

Jlant,  he  applies  sulphuric  acid  to  the  mineral.  If  the  acid  be 
lackened  he  concludes  that  a  true  vegetable  exists  in  the  stone ;  if 
not,  he  considers  the  appearance  as  owing  to  chlorite.  It  would  be 
difficult  to  convince  me  that  such  delicate  vegetables  as  confervas 
and  mosses  can  exist  in  chalcedonies,  without  so  much  as  their  co- 
lour or  texture  being  altered.  I  am  rather  disposed  to  ascribe 
these  appearances  to  manganese,  iron,  &c.  occasionally  mixed  with 
bitumen.  This  bitumen  I  conceive  colours  the  sulphuric  acid^ 
;  iDd  leads  to  the  conclusion  that  vegetable  matter  is  present.  Th^ 
filct  Ihat  some  of  the  lines  in  agates  are  blackened  by  sulphuric 
acidy  ng^ntioned  by  Dr.  Hamel  in  a  late  number  of  the  Annals, 
shows  that  bituminous  matter  is  a  pretty  frequent  constituent  of 
agates. 

.  XXIV.  On  the  vitreous  Tubes  found  near  to  Drigg  in  Cumber^ 
land.  Compiled  by  the  secretanes  from  several  communications. 
^*— These  tubes  have  been  found  .in  hillocks  of  drifted  sand  at  the 
mouth  of  the  Irt  in  Cumberland.  The  first  account  of  them  was 
sent  to  the  Society  in  1812  by  Mr.  Irton  of  Irtonhall,  Cumberland. 
Ihree  were  found  in  a  single  area  of  15  yards,  forming  a  hillock 
elevated  40  feet  above  the  level  of  the  sea.  The  diameter  of  each 
.was  about  an  inch  and  a  half.     Within  they  consist  of  a  very  hard 

J  lass,  which  strikes  fire  with  steel.  One  of  them  was.  traced  to  the 
epth  of  SO  feet  without  terminating,  though  it  became  smaller. 
The  sand  falling  in  prevented  the  continuance  of  the  excavations : 
the  sand  consists  of  quartz  mixed  with  grains  of  horn-stone  por- 
phyry. By  the  blow-pipe  urged  by  a  stream  of  oxygen  gas,  this 
sand  was  imperfectly  vitrified,  so  as  to  resemble  the  inside  of  the 
tubes.  The  most  probable  opinion  is,  that  these  tubc9  have  be^n 
Ahmed  by  the  action  of  lightning. 
Vox..  VI.  N*^  I.  E 
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tL  M  tiiAc^'U}  the  Armomcal,  MeSicdly  CkiraKgiad  ani  Pkyjth 

logical  Tabers  contained  in  the  Trimsactums  cfthe  Rwtd  Sme^  js 

t/md6ti}jrim  the  commencement  vfthat  Work  to  tne  eMtvf^M 

ttiwlSlS;  chronologically  and  a^haieticalb/ xxrremged.    C!aUM 

:  I  OBc.  Xiondon. 

The  Philosopbi<^&l  Transactions  ccmtam  perhap  a  greater  trniii 
=  1  ber  of  vailuable  papers  on  medical  and  pliysiological  subjedta^  ttali 

Any  otber  put)1ication  whatever.    But  they  are  so  Tdlumhiom  AM 
y  it  is  a  very  difficult  and  laborious  task  1t>  ascertain  what  they  oon 

t! !  '  taih.    Hence  Che  utility  of  good  indexed,  Which  serve  greatly  toft 

''  cilitate  the  investigations  of  the  medical  student.    The  present  In 

i  I  tfet  is  very  well  executed,  and  calculated  in  every  respect  to  taowt 

the  puriSoses  for  which  it  was  intended. 
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r  Article  XIV. 

j  I ;  Proceedings  of  Phihsopkical  Socieiies. 

!{  ROTAL    aOCIBTF. 

■'  ONHiarsday  Ae25thof  May,  apaper  byDr,  ftnyyiiiMftadtM 

die  cause  of  the  pulsation  of  the  arteries.    He  stated  the  optnioB  « 
!i:  Haller,  which  is  generally  received  by  physiologists,  -and  that  d 

Bidiat,  who  had  rejected  Haller's  explanation  in  eonseqnencte  t 
his  dissections  of  living  animals.  Dr.  Parry  then  stated  the  rtadti 
which  lie  hiooiself  had  obtained  by  laying -open  the  arteries  of  fiviflj 
iAieep  and  <rabbits.  No  alteratio&'in  the  size  of  the  artery  eouldti 
ji,  .pereeived,  'bat  a  motion  of  the  artery  badcwttrds  and  forwards^  ^cof 

tesponffing  to  the  Inspiration  and  lexpiratiDn  ef  the  animal.    Di 
Ivry  conceives  that  the  artery  is  a  tense  tube  always  full  of  Mool 
aodthat  when  its  diameter  is  drmrnished  by  external  pressing,  -th 
.  Mood  makes  an  efibrt  to  restore  the  original  size.    Hence  the  pid 

,  aation.    I  do  not  see  dearly  hbw  this  supposition  will  nceonnt  lb 

I '  the  various  diseased -states  of  the  puke  well  known  to  medical  men 

ji^  imless  we  iBcribe  the  »bermtions  in  ail  Aese  cases  to  the  heairt. 

^  At  the  iame  meeting,  part  of  a  paper  'by  Mr.  I>ono\'an  wtis  raad 

«;:  giving  «n  account  of  a  new  vegetable  acid,  discovered  by  him  in  fb 

ij;  juice  of  the  berries  of  the  sorbus  aucuparia,  together  with  some  t>fa 

y-  serttltions  on  malic  acid.     He  extracted  the  juice  of  the  ripe  berric 

:;•  by  pressure,  precipitated  by  acetate  of  fead,  washed  the  precipitin 

ij  in  boiling  water,  and  threw  the  whole  upon  the  filter.    A  hii^ 


white  mass  remained  upon  the  filter,  and  the  liquid  which  passed 
through  deposited,  on  cooling,  fine,  white,  silky,  needle-form  crya 
tals.    Scfaeele  had  stated  the  acid  in  these  berries  to  be  the  ma 
j'  lie.    Bat  malate  of  lead  had  n(iver  been  observed  to  crystallize.    T 

'  clear  up  the  subject,  Mr.  Donovan  saturated  the  juice  of  ripe  apple 

-  with  potash^  and  precipitated  the  li(|uid  by  acetate  of  lead.    Tb 
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precipitate  freated  iHth  boiling  water^  as  in  tlie  preceding  c«^, 
yielded  tioiilar  silky  crystals ;  but  the  substance  remaining  on  the 
filter  wis  a  soft  magma.  Gooseberry  juice  treated  in  the  same  way 
yielded  no  crystab  ;  nor  raspberry  juice,  nor  the  juice  of  elder  ber« 
titSf  nor  of  sedum  tectorum,  nor  green  apples.  Thus  it  appeared 
that  acetate  of  lead  precipitates  two  different  acids  in  the  first  two 
liquids.  The  first  an  acid  not  hitherto  observed,  which  readily 
forma  a  supermlt  with  oxide  of  lead  soluble  in  hot  water;  and  thk 
aolutioo  on  cooling  deposits  the  neutral  salt  in  silky  crystals: 
tba  aeoond  malic  acid»  which  forms  with  o3ude  of  leid  a  salt  not 
oipabie  of  crystallizing.  To  obtain  the  new  acid  in  a  state  of  pu* 
titf,  the  colourless  silky  crystals  are  to  be  treated  with  a  quantity 
of  sulphuric  acid  capable  of  saturating  the  greater  part^  but  not  thtt 
whole,  of  the  oxide*of  lead  present.  The  liquid  being  filtered  ta 
separate  the  sulphate  of  lead,  a  current  of  sulphuretdd  hydrogen  is 
driven  through  it  till  the  whole  remaining  oxide  of  lead  is  thrown 
down.  The  filtered  liquid  is  now  boiled  for  some  time^  and  then, 
exposed  to  the  air  for  a  few  days  to  get  rid  of  the  sulpbureted  by-^ 
drogen. 

On  Thursday  the  1st  of  June,  Mr.  Donovan's  paper  was  eonti« 
mied.  To  the  acid  thus  obtained  he  gave  the  name  of  sorbic  acid« 
It  possesses  the  following  properties.  It  is  colourless.  Its  taste  is 
nttenseiy  soiir,  and  it  reddens  vegetable  blues.  It  does  not  crystisl-* 
lise.  It  does  not  readily  undergo  spontaneous  decomposition.  Mh 
Donovan  kept  a  quantity  of  it  in  a  phial  for  a  year:  no  other 
change  happened  except  the  deposition  of  a  very  small  quantity  o£ 
Mucilaginous  matter.  It  combines  with  oxide  of  lead  in  three  pro- 
portions, forming,  1.  Subsorbate  of  lead,  which  is  a  hard  white 
naolnUe  powder.  2.  Sorbate,  which  may  be  obtained  either  ia 
powder  or  in  crystals,  and  which  is  likewise  insoluble.  S.  Super* 
aorbttte,  which  does  not  crystallize.  The  alkaline  supenorbates  may 
bt  all  obtained  in  the  state  of  crystals.  It  forms  soluble  salts  witk 
WryMS,  lime,  and  magnesia.  It  does  not  combine  with  alumina* 
iPhese  properties  sufficiently  distinguish  this  acid  from  the  malic. 
•  Mr.  DoDOivan  likewise  related  his  experiments  on  the  preparatioa 
of  malic  acid.  He  found  none  of  the  methods  recommended  by 
Scheele  capable  of  furnishing  pure  malic  acid.  He  considers  Vau« 
metta'a  process  for  preparing  malic  acid  from  th6  juice  of  the  se« 
cum  tectorum  as  the  only  one  that  yields  a  tolerably  pure  acid.  | 
Bay  observe  here,  that  about  10  years  ago  I  made  some  expcri* 
Bsents  On  the  preparations  of  malic  acid,  and  found  that  unless  it 
be  freed  from  mucilage  before  precipitation  with  lead,  it  cannot  af* 
terwards  be  separated  from  a  considerable  quantity  of  gummy  mat* 
ter  which  seems  to  &11  down  in  combination  with  the  lead*  I  as^ 
cribe  onost  of  the  difficulties  which  have  occurred  to  chemists  in 
preparing  this  acid,  to  not  animadverting  to  this  circumstance. 

Mr.Ddnovan  conceives  it  likely  that  the  bitter  principle  which 
exists  at  first  in  various  fruits  and  disappears  as  they  advance  to 
tiuity,  may  be  the  basis  of  some  of  the  vegetabk  ac\ds. 
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At  the  s»nie  meeting  a  paper  by  Sir  Everard  Home,  Bart,  on  the 
respiratory  organs  of  Eome  genera  of  vermes  that  iive  in  water,  was 
read.  These  oi^ans  consist  of  a  number  of  openings  on  both  sides 
of  the  neck,, which  lead  into  spherical  or  flattened  balls,  Water 
passes  through  these  openings  into  the  bags,  and  is  afterwards 
thrown  out  again.  The  reason  why  the  water  does  not  enter  at 
the  mouth  as  in  fishes,  is  because  these  animals,  as  the  leech,  re- 
quire their  mouths  for  suction,  either  to  procure  food  or  to  fasten 
tncmselves  to  other  bodies. 

On  Thursday  the  8th  of  June,  a  paper  by  Dr.  Brewster  was  read 
on  the  multiplication  of  images  and  colours  which  accompany 
them  in  some  specimens  of  Iceland  spar.  Towards  the  end  of  the 
session  of  the  Royal  Society,  t!ie  number  of  papers  presented  is 
usually  so  great,  that  only  a  small  portion  of  them  can  be  read  to 
the  Society.  On  this  account  nothing  can  be  added  to  the  notice 
of  Dr.  Brewster's  discovery  relative  to  this  subject  given  in  the  last 
number  of  the  Amiah  of  Philosophy. 

At  the  a&me  meeting  a  paper  by  C.  Babbage,  Esq.  was  read,  en- 
titled, On  the  Calculation  of  Functions.  This  he  informed  ut  is  a 
new  species  of  calculus,  which  will  require  new  methods  of  investi- 
gation. But  as  only  the  introduction  of  the  paper  was  read,  it  is 
impossible  to  give  any  farther  account  of  it. 

At  the  same  meeting  a  paper  by  Dr.  Herschell  on  the  satellites 
of  the  Georgium  Sidus,  with  some  observations  on  the  space  pene- 
trating power  of  telescopes,  were  also  read.  The  object  of  the  pa- 
per was  10  furnish  data  to  astronomers  to  determine  the  number 
and  orbits  and  periodical  times  of  the  satellites  of  thb  very  remote 
planet.  He  described  the  orbits  and  periods  of  two  of  tlie  satel- 
lites, supposed  that  another  existed  within  them,  and  probably  three 
ethers  without  them. 

On  Thursday  the  15th  June,  a  paper  by  Sir  Everard  Home,  Bart, 
was  read,  on  the  mode  of  generation  of  the  lanipree  and  myxine. 
He  found  by  a  great  many  dissections  at  different  perieds  during 
the  summer,  that  these  animals  are  all  hermaphrodites ;  those, 
which  were  supposed  to  be  males,  producing  eggs  as  well  as  the  sup- 
posed females. 

At  the  same  meeting  a  paper  by  Anthony  Cariisle,  Estj.  was 
read,  on  the  connection  between  the  extravascular  and  vascular 
parts  of  animals.  Hair,  feathers,  nails,  hoofs,  are  extravascular 
substances,  and  possess  no  vessels.  The  chief  object  of  the  paper 
was  to  show,  that  the  shells  of  shell-fish  and  snails  are  likewise 
without  vessels.  They  cannot  be  Injected.  Their  membranes  do 
not  exhibit  the  same  appearance  as  those  that  contain  vessels. 
When  a  piece  of  snail-shell  was  broken  off,  the  injury  was  repaired 
by  a  viscid  substance  applied  internally,  and  then  layers  of  calca- 
reous matter  were  laid  over  It. 

At  the  same  meeting  a  paper  by  John  George  Children,  Esq. 
was  read,  on  the  effecls  of  a  very  large  galvanic  battery.  It  consisted 
of  20  pair  of  zinc  and  copper  plates  6  feet  long  and  2  feet  6  inches 
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broad,  Joined  together  by  straps  of  lead  and  plunged  inr  a  mixture 
of  nitric  and  sulphuric  acids,  diluted  with  from  20  to  40  timea- 
their  weight  of  water.     By  this  battery  metallic  wires  were  ignited 
in  the  following  order,  be^nning  with  the  wire  most  easily  ig«^ 
nited.    : 

Platinum  Copper 

Iron  Silver  > 

Gold  Zinc. 

Tin  and  lead  are  &o  fusible,  that  with  theiii  the  experiment  could 
not  be  tried.  Mr  Children  considers  the  ignitability  as  the  inverse 
jof  the  conducting  power  of  the  metals  3  therefore  platinum  cbnducti 
worst  and  zinc  best  of  the  above  six  metals.  When  the  two  pedes 
of  the  battery  were  connected  by  two  parallel  platinum  wires  of  di& 
ferent  sizes,  the  thick  wire  was  ignited  and  not  the  fine  one  5  but 
when  the  two  wires  were  tied  one  to  the  end  of  the  other^  the  fine 
wire  was  ignited  first. 

Iron  wire  was  slit,  some  diamond  powder  put  into  the  slit,  and 
this  powder  surrounded  by  iron  wire  above  and  below.  The  wire 
was  &intly  ignited.  The  diamond  powder  disappeared  and  the  iron 
was  converted  into  steel  and  partly  fused.  This  demonstrates  the  truth 
of  Clouet's  original  experiment,  which  was  afterwards  verified  by 
Sir  George  Mackenzie.  Iridium  was  fused  by  the  battery  and  re- 
jdttced  to  a  porous  globule  of  the  specific  gravity  18*6.  Oxide  of 
tantalum  was  fused  and  reduced.  The  metal  was  of  a  yellowish 
colour  and  brittle.  Oxide  of  cerium  was  fused  without  neing  re* 
duced.  This  was  the  case  also  with  oxide  of  titanium.  Oxioe  oi 
tungsten  was  reduced  and  fused.  The  metal  was  grey  <and  very 
heavy.  Oxides  of  molybdenum  and  uranium  were  likewise  fiised 
and  reduced,  and  both  metals  were  brittle. 

The  titles  of  the  following  papers  were  read,  in  order  to  entitle 
them  to  insertion  in  the  next  volume  of  the  Transactions ;  want  of 
time  rendering  it  impos^ble-to  read  the  papers  themselves  at  fidl 
length. 

&nsiderations  on  the  Solution  of  Bodies  In  Liquids,  by-Mf* 
Daniell. 

On  the  Dispersive  Properties  of  the  Air,  by  Mr.  Stephen  Lee.    ; 

Considerations  on  the  Vascular  System  of  ^imals,  by  Dr.  Philips. 
'  The  Polar  Distances  of  30  Circumpolar  Stars,  by  John  Pond^^ 
Esq.  Astronomer  Royal. 
:Tbe  Society  adjourned  during  the  long  vacation. 


ti- 


N.B.  In  the  last  number  ef  the  Annalt  of  Philosophy^  the  oamerical  retolUof  tetf^ 
nH  ef  Mr.  Porrelt's  aoalys^  of  Prunic  acid  and  its  compounds  were  inaccurate4 
^Tht  following  are  the  correct  numbers,  which  Mr.  Porrett  has  been  so  obliging  ai 
to' tommnnicate. 
100  ProBsiate  of  mercury  are  composed  of 

Prussic  acid ^ 1 3*8 

Peroxide  of  mercury..  •...»...,,  ••• , 86*2 

lOO-(> 


fO  Scientific  InhUigenee^  {fviM, 

A9^.<e • ...,...««.. •  4^'7 

Cwbqp , 34-8 

Q^dropo  , t * $4-5 

1000 

SolphnrMed  chyazicaci4  Un  compoand  of  4  Momf  of  fulphur  -f  1  atom  Pnifsi* 
ncid.  Ferrureted  bbyazic  i|c^4  19  a  compound  of  1  4(091  black  oxide  of  iron  +  4 
fttpnis  Frussic  «cid» 

UNNJBAlf  SDClifiTV* 

Qd  Tuesday  the  6th  of  Juiie  a  paper  by  Dr.  Benjamin  Smith 
Barton  was  read,  giving  an  account'  of  a  singular  bird  lately  ob<* 
"served  in  the  Upited  States  of  America^  which  he  considers  as  a 
Dew  species  of  tantakis. 

On  Tuesday  the  20th  of  June  a  paper  by  Mr.  J.  Murray  was 
ireadj  C9Dtatiiin|f  escperiments  on  the  application  of  vegetable  poi^ 
^ons  to  anipaals.  He  laid  bare  the  crural  nerve  and  muscle  of  the 
hind  leg  of  a  fro^,  and  applying  the  poisonous  juice  to  the  par^ 
tried  whether  the  muscle  could  be  excited  by  a  galvanic  battery. 
Opium  destroyed  the  excitability  in  5  minutes ;  but  the  addition  of 
citric  acFd  restored  It  again.  Tincture  of  digitalis  produced  no  ef- 
li^ct.  A  considerable  number  of  similar  experiments  were  related* 
'  At  the  same  meeting  a  paper  by  Mr.  Bicheno  was  read,  describe 
ftig  three  native  species  of  (»rchb,  hitherto  very  frequently  coii¥ 
Ibuinded  tbgether. 

At  the  same  meeting  a  Latin  paper  by  Sir  Justly  Green,  Bartf 
Wfts  read,  describing  40  species  of  phascum. 

Th^  jSopiety  adjourned  during  the  long  vacation. 
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Sei^^^YiC   INTfi^I'lGBNC^;   AND  KOTICBS  OF  aiTI|J|^T$ 

CONNECTED  WITH  SCIJBNCE, 

I,  Royql  Mei'ical  Society^  Edinlmrgh. 

,  Wht  Royal  Medical  Society  propose,  a$  the  subject  pf  their  fri;Ee 
4Bssay  for  the  year  1816,  the  following  question:—^ 

^*  What  chimge$  of  comppsitioa  does  the  process  of  dige^iop  io 
quadrupeds  produce,  on  earths,  oxides,  and  earthy,  alkaline,  aoid 
metallic  salts?" 

A  set  of  books,  or  a  medal,  of  five  guineas  value,  will  be  gifen 
annoailiy  to  the  author  of  the  best  dbsertation  on  an  experimental 
subject  poposed  by  the  Society;  for  which  all  the  jueinbers^ 
honorary,  extraordinary,  and  ordinary,  shall  alone  be  invited  as 
candidates.    "^^ 

The  dissertations  are  to  be  written  in  English,  French,  or  Latin, 


and  to  be  delivered  to  the  Secretary  on  or  before  the  1st  of  I>ecem- 
b«P  of  tke  succMding^  jnw  tA  that  ift  vthiA  tb«  s)il:^clpt  are  pio- 
posed ;  and  the  adjudication  of  tktt  prize  will  take  place  in  the  last 
week  of  February  following. 

To  each  dissertation  shall  be  prefixed  a  motto;  and  this- motto  is 
iQibe  WQttea  on  the,  outride  of  a  seal/ed  packet>  cont^nin^the  name 
and.  addce^  of  the  aixtboz^  No  dissertation  will  be  received  with 
the  author's  name  affixed ;  and  all  dissertations^  except  the  success* 
fill  one,  will  be  returned,  if  desire.d^  with  the  sealed  jpacket  un» 
cpMted. 

IK.  Native  Bcyrade  Acick 

Mr.  Smith^n  Tenntnt  first  observed  native  boracic  acid  attached 
to  aome  specimens  from  Lipari.  Dr.  Holland  afterwaiids  visited  this 
pfai^,  and  found  boracic  acid  in  large  quantity  within  the  crater  of 
VokanO)  f^rmiog  a  whit*  feathery  covering  ta  the.  aulpfaur,^  whick 
is'deposited  from  sublimation  in  various  parts  of  this  great  cavity.*-* 
(Sqc  Hollaild's  Travels  in  Greece,  p.  8L) 

■ 

III.  Climate  of  Athens. 

'  Ifr  appean  from  a  note  in  Dr.  HoBand'a  TravdU>^  p^  411,  ihat  $$ 
Atkens  the  themonMter  sDmatknes  nsca  a  sMDBitr  to  194\  tipj 
dmt  in  winter  it  falls  as  low  as  38^.  in  Jalj^  the  tJn^sBSMMlor  ii 
frequently  above  90^.  The  average  quantity  of  rain  that  falls  is 
stated  at  only  21  or  22  fnches  f  t  presume  French,  as  the  observer, 
M*  Fauvel,  was  a  Freochmaob 

IV.  Table  of  Passensersx  fVhggons,  (0c.  that  cross  London  Bridge 

and  BlackfriarsBridge  in  one  Day, 

The  day  choien  by  the  Directors  of  the  Southwark  bridge  was  in 
July,  181 1.  A  rate  is  fixed  for  the  purpose  of  showing  the  pro- 
prietors of  the  Southwark  bridK  the  prpbable  quantity  of  money 
that  may  be  raised  on  that  new  nsidg^':-!* 


^a^iHi»mM^ ...«.«.«. 

Wan^g  ..^ 

Qftrtcmddrayi....... «^^  . 

Ctecies 

Q0a|i4taze4  casts 


•  ••  • 


Dedtct  half  the  amount  of  #asg|nis,  &c,  for 


UmdoB  Brtdae. 


4  '.S.    9.    4^ 

I  €19,010  37 j^  lO  0 

a  1^9  25  1%    8 

6:  '  i^d  ar  0 

4  .485     8 

i^  'ml'  ^ 


fCtOKD 


-«-*■ 


BlaeMlsrrBr. 


i& 


^i,mm  fii  4 

533   IT  ia»  4 
a9ul24  1ff    6 


491  14    6 


4J8  isa 


8    6    8 


3S&  8    9 
*40  Id    i 


8M  ja    6 


The  tr^^t  over  BUcM^i^  l^ri^g^  is  ne^l;  4oD^le  what  S  y^sA 
til  yoais  before  the  above  account  was  taken. 
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V.   Furthtfr  Observations  on  Mr.  L/ickharfs  Imaginary  Cube 

Roots.  .    • 

(To  Dr.  TbomsoD.) 
8IR, 

Mr.  Lockhart  seems  to  have  made  a  mbtake  in  one  of  the  sighs 
of  the  root  connected  with  t :  when  corrected^  his  roots  will  stand 
thus; 


s        /I?      r  *        /I?       r 

Bnt,  as  Mathematicus  justly  observes,  any  quantity  ^  in  which  the 
square  root  enters  admits  of  two  values  5 "  the  above  roots  may  be 
mojre  cphveniently  expressed  thus— 


X  +  4/^rr 

2     +   V     4 


3 

T 

3 


In  which  formula*  if  the  upper  sign  be  used  in  the  first,  the  upper 
sign  must  likewise  be  used  in  each  of  the  roots,  and  the  contrary. 
It  may  be  proper,  before  I  make  any  further  observations,  to  point 
out  the  part  of  Mir*  I^.'s  demonstration  where  the  error  appears  to 

have  originated.    In  extjracting  the  square  root  of  -^j i"  "^ 

T"  "^  "Sf    ^^  ^  overlooked  the  ambiguity  of   the  quantity 

4/  T  "^  ■«'  ^^^  ^  *^ quantity  originally  squared  was  +  -^^ •  /, 
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and  not  —  —^  •  t,  it  would  therefore  be  improper^  in  the  present 
case,  to  use  the  sign  —,   and  consequently  Mr.  L/s  equation 

shonld have  been  +  (-5-  —  t*)  .  i/t"  ""  T"  ^  '^  T  T  'W^^ 
its  equal  -  (/•  - -5-).  ^/-f  "^  T"  =  \/t  "  W'  »°d  A^n 
by  proceeding  as  he  has  done  we  obtain  —  -3 \/  X  "*  "^  ^ 

\/  T  ""  V/  "4 If  >  ^^^  ^*^®  *^  ^'^^  '^*  given  above.    But 

it  ought  not  to  be  forgotten  that  Mr.  L.,  notwithstanding  the  above 
oversight,  has  the  merit  of  being  the  first  who  has  pointed  6ut  the 
method  of  finding  the  cube  roots  of  a  binomial,  by  means  of  the 
thre^  roots  of  the  cubic  equation  with  which  that  binomial  is  con- 
nected. 

If  we  take  the  equation  employed  by  Mr.  L.,  viz.  x*  —  24  x  ss 

72,  where  x  =  6,  /  =  3  +  V  —  3  and  t;  =  3  —  ^/  —  3,  the 

binomial  and  roots  will  be  as  follows :  v  36  ±  v  784  =  ^  64 
.j^  8,  according  as  the  upper  or  under  sign  is  used. 

First  root  =  4  =*=  \/^  -  v  -'  3  ±  1  =  4  or  2. 

Second  n)ot  =  ^  (tl.^)^^^ 

-  (1  -^  A/"^=r3),  ^ 

'3  -  v^"r8 


-  (1  +   V  -  3). 

So  that  when  the  upper  signs  are  used,  we  obtain  the  cube  roots 
of  64 ;  but  when  we  use  the  under  ones,  the  results  are  the  cube 
roots  of  8.  Hence  it  appears  that  N.  R.  D.  was  not  *^  too  posi* 
tite ''  when  he  said,  '^  it  is  not  the  cube  root  of  64,  but  of.  8 ;  V 
for  he  )ised  the  sign  gixen  by  Mr.  L.,  and  then  the  quantity  is  a 
cube  root  of  8,  as  appears  from  the  above.    The  reason  why  Dr« 

Tiarks  made  it  a  cube  root  of  64,  was  his  using  —  [     ^   2  "  ^J 

/  /  13  3        .    ..  -V 

+  (-*•  4/  —  f -5: 5"  '^  ""  ^)]*  instead  of  the  quantity  given 
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i,  M..  v..  vi^  -  (2^^')  +  (v/-  (f-  -  i  -^''^y) 

As  the  above  six  different  quantities  are,  if  I  mistake  not,  all  the 
iifHeteut  values  of  wbicli  t!ie  three  fbi'mulfe  foE  tbe  roots  ailuu,  it 
follows  that  they  give  all  the  cube  roots  of  both  64  and  8,  which 
wwe  before  known,  Kod  na  more.  It  may  likewise  be  observed,  that 
a:  =  v  Sti  ±  V  784,  being  an  equation  of  six  dimensions,  ought, 
accordifig  Co  the  received  oplaioo,  to  have  six  diEfersoi  roots  ^  b«t 
it  has  been  shown  above  that  it  has  just  six  roots,  and  no  more  : 
this  therefore  agrees  exactly  with  that  opinbn. 

When  Mr.  Loclihart  speaks  of  binomials  in  their  vanishing  state 
having  "  funetlons  and  connetiions  widely  diffeient  from  those  de- 
duced from  binomials  which  are  evanescent,"  I  am  not  cert^ 
riiat   I   understand  him  perfectly ;    if   he   mean  to  telf  m   that 

V'64  —  V  40S6  —401)6  is  not  universally  equal  to 
V"  36  +  V  76^)  I  perfectly  agree  with  him ;  for  the  fomw  is 
equal  to  V'"64  ^  0^  and  the  latterto  either  1/  64  ai  ^  B;  the 
one  being  an  equation  of  three  dimensions,  and  the  other  of  sis. 
Neither  do  I  clearly  comprehend  what  he  means,  when  he  speaks 
about  the  roots  of  equations  being  preserved  in  some  caaes^  and 
extinct  in  others. 

I  am.  Sir,  your  obedient  servant, 
titaaatle-ofim-Tiiiu,  Jwit\9,  1815.  HbNRY  AtkINSI 


ion^t 


VI.  Sale  of  Minerals. 
We  are  infenned  that  the  extensive  and  valuable  eollection 
minerals  of  ihe  Rev.  R.  Hennah,  laie  of  St.  Austell,  in  Cornwall; 
and  which  is  now  in  the  possession  of  his  son,  (he  Bev.  R.  Hennah, 
of  Plymouth,  consisting  of  nearly  2000  specimens  of  the  most  rare 
vnd  curious  productions  of  that  county,  particularly  of  tins,  is  to 
be  disposed  of. 

VII.  Newcastle   Collieries. 

The  Literary  and  Philosophical  Society  of  Newcastle-upon-Tyne 
is  engaged  in  the  publication  of  two  tracts  on  the  means  of  esta- 
blishing authentic  records  relative  to  the  state  of  the  coUittrles  in 
that  neighbourhood,  and  to  other  points  which  promise  to  be  both 
of  local  and  national  importance.  We  have  no  doubt  that  muck 
curious  and  valuable  information  will  result  from  the  labours  of  this 
Society,  which  include  nearly  all  the  well-infoimed  man  of  New- 
castle and  its  neighbourhood. 

VIII.  Si^s  of  the  IVhah. 

In  a  paper  on  the  whale  by  Mr.  Scoresby,  printed  in  the  first 
niHBber  of  the  Aimals  of  Pldhsophy,  that  GenlLeman  says,  that  ke 
never  heard  of  one  longer  than  70  feot ;  and  that  out  of  200,  which 
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he  bad  hiiQtelf  taken,  not  one  meadured  65  feet  in  length.  In  the 
.Vortfa  Pacific,  however,  the  size  is  often  much  larger  than  this ; 
for  Capt.  Clarke  measured  the  skeleton  of  one  near  Columhia  river, 
and  found  it  105  feet  in  length.  (See  Travels  to  the  Source  of  the 
Missouri^  &c.  by  Captains  Lewis  and  Clarke,  p.  4£2.} 

IX.  Inhabitants  in  Ancient  Rome. 

. '  In  aocient  Rome  the  number  of  insulie,  or  houses,  standing 
fqptratrly,  was  46,000  in  the  time  of  Trajan.  The  domus  (pro« 
baUy  the  principal  buildings  or  palaces  of  Rome),  1800.  The 
bouses  oi  Rome  were  usually  four  stories  high.  If  we  suppose,  with 
Gibbon,  that  eaoh  story  lodged  a  family  of  six  persons,  each  of  the 
ii^as  would  contain  24  inhabitants.  This  would  give  us  the  whole 
nihabHaiits  of  Rome  at  1,118,448;  so  tliat  the  population  of 
andent  Rome,  when  greatest,  exceeded  the  present  popubtion  of 
London  by  about  60,000,  (See  Gibbon's  Posthumous  Works,  v.  3160 

X.  Eoiitract  of  a,  Letter  from  M,  Van  Mons,  ofBrmsek. 

I  tnke  thiU  ppportuDity  of  sending  you  some  curious  information 
which  I  have  just  learned  by  a  letter  from  the  discoverer.. 

If  indigo  ip  powder  be  thrown  upon  red  hot  charcoal  or  iron,  41 
tfi^  violet  coloured  yapour  rises,  which  Brugnatelli  at  first  took 
for  iodine.  This  vapour  when  condensed  crystallines  in  four-sided 
prisms  very  brilliant  and  of  a  fine  violet  colour.  To  this  substance 
prugnatelli  gives  the  name  of  indigogen,  because  when  united  to 
the  fecula  of  the  plant  it  forms  indigo.*  He  considers  it  as  a  me- 
ld, because  if  mercury  be  exposed  to  its  vapour  a  combination 
takes  place,  which  is  bard  or  soft  according  to  the  proportion  oi 
the  indigogen,  and  which  possesses  the  properties  of  an  amalgam. 
Indigo  deprived  of  this  substance  loses  the  property  of  acquiring  a 
cupreous  lustre  by  friction.  The  new  substance  is  found  in  every 
variety  of  indigo. 

Brugnatelli  has  observed  that  ice  when  rasped,  becomes  positively 
.electric.  This  confirms  the  notion  that  its  conducting  power  fol- 
lows immediately  that  of  the  metals.  Pure  water,  or  water  exempt 
fsom  all  salt*  ia  almost  a  non-conductor.  Brugnatelli  was  unable 
to  construct  a  galvanic  battery  by  uniting  ice  with  any  metal  which 

t^  tried. 

Z^mbqni  at  present  draws  strong  sparks,  and  gives  shocks  with 
•4^  dry  galvanic  column.  But  I  venture  to  predict,  that  it  will 
j^er  be  able  to  produce  chemical  effects/  where  an  abstraction  of 
electricity  is  requisite.  The  charge  may  circulate  without  water, 
\^t  cannot  be  renewed. 

Voha  has  just  obtained  electric  fluorine  in  considerable  quantity. 
Configliachi  is  the  editor  of  it.t 

Gay^l'ussao  believea  that  eucblorine  or  your  oxide  of  chlorine . 

#  It  Wu  been  Ildowq  to  chemists  for  many  yean.    T. 
f  I  d»  not  underBttDd  tbe  meaDine  of  the  lentence.    The  origia&l  ii  ConfgU' 
eddmutftdUew. 


I 
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contains  only  the  5lh  part  of  the  oxygen  of  chloric  acid,  such  as  it 
exists  in  the  detonating  chlorates  ;  that  is  to  say,  twice  the  oxygea 
which  we  suppose  to  exist  in  oxymuiiatic  gas ;  being  capable  of  sa- 
turating only  twice  as  much  hydrogen  as  that  gas,  while  chloric 
«cid  saturates  six  times  as  much.  Euchloiine  would  result  from  an 
oxide  dissolved  io  muriatic  acid  gas,  of  which  the  chlorine  would 
take  the  oxygen  in  place  of  the  hydrogen,  which  would  be  convert- 
ed into  water,  the  metal  being  reduced.  It  is  obvious  that  this 
acid  cannot  be  formed  except  when  the  oxygen  is  separated  by 
means  of  muriatic  acid,  three  quantities  taking  oxygen  for  six  quan- 
tities in  exchange  for  water,  represented  by  a  half  quantity  of  thb 
principle  ;  or  two  quantities  of  acid  taking  four  quantities  of  oxy- 
gen from  one  quantity  of  this  remaining  with  a  quantity  of  acid  in 
the  salt.  But  wl)en  separated  by  the  simple  acid,  a  great  deal  of 
acid  must  be  necessary  to  render  the  whole  salt  simple,  or  what 
you  long  before  others  called  chloride  of  potassium,  in  place  of 
which  the  term  chlamret  has  been  introduced,  a  name  which  does 
not  express  that  chlorine,  as  it  is  called,  is  the  vicegerent  of  oxygen; 
and  this  cannot  be  the  case  in  the  process  of  Davy,  in  which  very 
little  acid  is  employed.  And  Davy  dues  not  say  that  the  euchloric 
acid  was  mixed  with  oxygen,  nor  that  the  salt  remaining  was  six 
times  or  three  times  oxygenated.  Besides  the  acid  characters  of 
euchlorine,  and  the  way  in  which  it  is  decomposed,  do  not  permit 
us  to  adopt  the  calculation  a»  accurate.  M.  Gay  Lussac  obtained 
liquid  superoxygenated  muriatic  acid  by  employing  weak  sulphuric 
acid  and  hype roxy muriate  mixed  with  a  little  simple  muriate,  by 
means  of  the  acid  of  what  the  decomposition  begins,  for  hyperoxy- 
netated  chlorine  united  to  sulphuric  acid  is  a  compound  aoalpgoiis 
to  that  which  Davy  formed  with  hype  roxy  genaled  iodine,  Gay- 
Liussac  likewise  obtained  this  compound,  and  considered  it  as  a  pure 
eutodine,  which  has  not  yet  been  exhibited  in  a  separate  state. 
Muriatic  and  iodic  acids  resemble  fluoric  acid,  which  combines 
with  sulphuric  acid  and  oxygen,  in  which  water  is  supercombincd. 

My  advice  has  been  at  last  followed,  in  decomposing  the  euchlo- 
ntes  and  euiodates,  namely,  to  put  a  little  acid  or  simple  salt  along 
with  the  mixture.  The  simple  acid  becomes  oxygenated,  and  then 
etiacid,  which  is  immediately  separated  by  or  engaged  with  the 
sulphuric  acid,  unless  we  wish  that  both  the  sulphate  and  the  sim- 
ple salt  and  the  oxygenated  salt  should  be  immediately  decomposed. 
To  explain  according  to  the  new  views  the  formation  of  aci(fa 
merely  bisoxygenated,  we  must  make  a  great  many  gratuitous  sup- 
portions  of  decompositions  and  combinations  of  the  simple  acids 
uf  these  bodies.  Besides,  if  it  be  true  that  jodino-chlorine  allows 
oxygen  to  escape  when  heated,  the  question  may  be  considered  as 
decided. 

I  know  at  present  that  when  a  dry  fluatc  is  decomposed  by  a  me- 
tal, we  can  only  remove  one  half  of  the  acid ;  the  metallic  fluoride 
combines  with  the  base  thus  reduced  to  the  state  of  a  subfluoride. 
\Yater,|£^B|ejy]iyjimllic  fluoride  from  the  fluate,  pi^ 


1815.)  Scientific  Intelligence.  77 

base  of  this  salt  is  not  soluble,  or  together  with  this  base  if  it  be  so- 
luble, and  then  under  the  form  of  a  metallo-fluoret  with  an  oxide^ 
a  body  analc^us  to  the  sulphurets  and  phosphurets  of  the  same 
substance.*  J.  B.  Van  Mons. 

■ 

XL  Death  of  George  Montague,  Esq. 

'  Tliis  celebrated  British  zoologist  who  had  attained  the  76th, year 
<rf  his  age ;  but  was  still  healthy  and  rigorous,  and  actively  em- 
ployed in  his  fiivourite  pursuits,  about  a  fortnight  ago  wounded  his 
foot  with  a  nail,  which  rendered  him  lame.  He  was  at  length 
seiased  mih  locked  jaw  and  all  its  concomitant  horrors,  and  died  in 
the  course  of  the  following  day.  In  hita  Britain  loses  a  zealous  and. 
successful  zoologist.  His  works  are  well  known  and  highly  valued 
by  naturalists  in  generaU 

XII.  School  of  Athens. 

Most  of  my  readers  are  probably  aware,  that  for  some  time  past 
the  Greeks  have  displayed  a  considerable  desire  to  put  themselves 
oo  a  footing,  in  point  of  knowledge,  with  the  other  nations  of  Eu- 
rope. Schools  have  been  erected  in  different  parts  of  the  country; 
books  have  been  translated  from  the  Italian,  the  French,  the  Grer- 
man  and  the  English,  several  original  Greek  works  have  appeared, 
Greek  newspapers  have  been  regularly  published  for  some  years 
past,  and  even  a  Greek  periodical  work  is  edited  at  Vienna.  Athens, 
formerly  the  seat  of  science  and  of  the  arts,  is  still  a  considerable 
city,  iimabited  chiefly  by  Greeks.  The  inhabitants  enjoy  a  greater 
degree  of  liberty  and  are  distinguished  by  a  greater  degree  of  spright- 
Uness^  intrigue,  and  wit,  than  are  to  be  found  in  the  other  cities  of 
Greece.  Formerly  there  existed  a  school  in  Athens  supported  by  a^ 
sum  of  money  which  a  charitable  Athenian  had  lodged  in  the  bank 
of  Venice.  But  when  this  bank  was  destroyed  by  the  conquest  of 
Venice  by  Bonaparte,  the  income  of  course  was  at  an  end,  and 
this  obliged  the  inhabitants  of  Athens  to  shut  lip  their  school. 
About  six  years  ago  Dr.  Rhasis  being  travelling  through  Greece, 
was  affected  even  to  tears  when  he  observed  the  state  of  Athens,  re- 
duced to  subjection  and  even  deprived  of  a  school.  He. summoned 
a  meeting  of  the  principal  inhabitants,  and  after  they  had  concerted 
the  means  of  re-establishing  the  school,  he  accepted  the  title  of 
EphoruSf  or  principal  director  of  it,  which  the  inhabitants  offered 
him.  On  his  return  to  Constantinople  he  consolidated  the  school 
by  the  privileges  which  he  obtained  from  the  government  and  the 
patriarch,  and  at  present  the  school  of  Athens  flourishes  under  his 
iQspection.  The  following  is  an  extract  of  a  letter  from  Mr.  John 
Fohima^  Professor  of  the  school,  dated  the  27th  May  1814,  in 
which  he  gives  an  account  to  Dr.  Rhasis  of  the  solemn  distributioii 
of  the  prizes.    It  is  published  in  the  'E^/xij;  o  Aoytos  (the  Literary 

■    *  The  acc6nn(  of  Gay-Lnuac'i  opinions  respecting  Uie  combination  of  chlorine 
and  oxyguk  in  this  letter  is  very  oincare  to  me,  probably  from  not  underataa4- 
iBf;  the  nomenclature  of  Tun  Mons.    I  bare  traaslaud  Vt  Ik^iet^tc  a^  ViVcnWi  ift 
possible.    T. 


I 


I 
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Mercury)  a  periodical  Greek  work  edit«<l  Ht  Vienna  by  AAthimos 
Gazy. 

"  I  [are  opened,"  says  lie,  "  «  KtCTary  concourse,  and  collected 
in  the  school  the  Inliabhants  of  llie  first  and  second  class,  to  heui 
the  reading  of  diflfercnt  pieces  in  prose  and  verse,  composed  by  the 
pupils  in  ancient  and  modem  Greek.  The  applauses  were  unani- 
minif,  not  only  of  the  Greeks  bat  of  the  French  and  English  who 
asiisted  St  the  meeting,  and  who  were  toud  in  their  praises  of  th£ 
scholars  and  of  the  professor  who  had  directed  them.  Tlie  success- 
fol  pupils  were  rewarded  by  the  Society  of  the  Pkdomuses,*  which 
has  hten  just  formed,  some  with  gold  or  silver  rings,  each  a«oord- 
ittg  to  hJB  merit,  some  with  money.  The  poor  children  were  evea 
supplied  with  clothes." 

A  Greek  college  has  even  been  lately  established  at  Melios  by 
Anihimos  Gazy.  A  school  existed  already  in  the  same  place,  but 
it  has  been  greatly  enlarged,  and  the  number  of  professors  or  teach- 
ers increased. 

Xill.  Werner's  Callecf'ron  of  Mineral?. 

Werner  has  disposed  of  his  invaluable  collection  of  minerals  to 
the  Academy  of  Mines  at  Freyberg.  It  was  va1ue<t  by  the  Saxon 
Government  st  56,000  dollars;  but  Werner  declared  that  in  the 
present  impoverished  state  of  his  country  so  great  a  sum  ought  not 
to  be  taken,  and  therefore  most  patiioticRlly  reduced  the  price  to' 
40,000  dollars.  He  parted  with  his  collection  to  the  Academy  under; 
the  following  conditions:  l.That  he  should  receive  immediately  the: 
sum  of  7,000  dollars.  2.  Tliat  he  should  receive  during  his  life  the 
interest  of  .'^3,000  dollars,  at  the  rate  of  five  per  cent.  S.  That  at 
his  death  the  capital  of  :J3,000  dollars  should  tall  to  the  funds  of  the 
Academy. 

Article    XVI. 

Scientific  Books  in  hand,  or  in  ihe  Press. 

In  conseqaence  of  the  numerous  important  discoveries  that  are  daily 
making  by  Berzeliua  and  others  in  the  science  of  chemistry,  Mr. 
W.  Henley  is  induced  to  delay  his  promised  series  of  Chemical  Tabled 
tawe  time  longer,  in  order  to  render  thein  as  perfect  as  po^ible ;  par- 
ticularly as  tlie  composition  of  many  of  th&  vegetable  bodies  is  not  at 
present  correctly  determined. 

Dr.  Henry,  of  Manchester,  is  preparing  for  the  press  a  new  edition 
of  bis  Elements  of  Chemistry. 

Mr.  Huieh's  Practical  Treatise  on  Bees  will  be  ready  for  publKation 
in  a  few  days. 

The  new  edition  of  Dr.  Hutton's  Fhilosophical  Dictionary  is  nearly 
ready  thr  publication. 

The  Eighth  Volume  of  Shaw'g  ZooloeVi  under  the  super  fait  endance 
of  Dr.  Leach,  is  in  considerable  forwardiieas, 

*  The  nhjpct  nf  thia  Sacirty  is  (<i  famiiti  the  fnnii  recnury  for  tht  propajiafioa 
of  learning  in  Greece,  for  Ihe  iiohliolion  of  clatiical  n  ork;,  for  suppurl'iiB  inili- 
gnit  j'oung  pertoDs  edaciilei  to  ihe  ici^nrn,  and  fnr  roean-lin  iptu  auliquify  of 
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Fiflh  Month. — I.  Dew  this  mammg :  a.  very  line  day;  ligbloing  at  night  fu-ta 
the  S.  2.  Dew,  with  rudimenis  of  thunder  cloudt,  which  in  idcreaiing  became 
v«;  beautiful :  a  itorm  was  witbin  hearing  ibe  wholi^  mid-day,  Id  S.  and  S,  W. : 
p.m.  a  heavy  Bhowcr  miied  with  large  bail,  follawed  by  liglilning  in  ihe  S.  E. 
3.  A  strong  breeze  :  (hnnder  clouds,  which  disperted  in  the  evening.  4,  Cvmnle- 
ttrafui:  Dome  ibo  wen,  followed  by  Cirroilralus.  5,  Much  dew:  clear  marning, 
inceeeded  by  Cumulus,  &i:. :  thunder  lo  the  S. :  a  shower  in  (be  evening,  6.  Dew 
in  large  drops:  somewhat  mlsly  and  overt'RSi:  a  shower  ia  Ihe  aighl.  7.  Windy  : 
dripping  at  ere.  9.  Cumutostralus :  a  fen  drops  by  iooscalation  at  suo-sel:  rain 
in  the  night,  10.  Windy  :  dri-ving  clouds.  11.  Dew:  windy,  a.m.  at  S.  E.  with, 
large  Cirri,  and  below  Ibem  Cirncumulas,  variable  and  beaulirol :  p,  m.  the 
Aimii&u  was  added,  with  Cin-Mlratat  in-  the  region  of  its  base:  nt  sm-iet  > 
^onn  in  S.  W.,  which  about  nine  passed  us  la  N.  E:  the  lightning  in  violet  co* 
loured  sheet-',  with  delicate  while  bisached  streaks  on  Ihrm:  the  thunder  mode- 
tale,  rolling  out  to  a  great  length.  12.  Much  wind  :  slijhl  fhowers,  a.  ni. :  cloudt 
and  haze  at  sun-iet.  13.  Wiud  and  rain  :  at  half-pa^st  six  p.ni.,  during  a  heavy 
idiower  which  passed  to  the  E,,  there  was  a  perfect  double  rainbnw,  on  which  I 
repealed  an  observation  already  recorded  in  Ihis  register,  nndcr  Fifth  Month,  *, 
1813.  The  contrast  of  the  space,  included  between  llic  two  bows,  with  the  tint 
of  Ihe  remainder  of  the  tlond,  was  on  Ibe  present  occasion  very  striking. 
14.  Fair  and  warm:  a  shower,  p.m.  with  a  bow:  Cinostratui.  15.  Hollow 
wind  at  S.  with  an  overcast  sky :  wet  evening.  16.  Ciamloatratat :  wind,  p.m. 
N.W.  a  milky  lumlnouB  twilight;  much  dew.  17.  Somewhat  midy  morning: 
p.  m.  CirrostToti  adcancing  from  the  N.  overspread  the  tky,  wilhonl  any  other 
cloud.  IB.  a.m.  Windy  at  N.,  and  overcast  with  CumuUstraltu :  cleat  anil 
calm,  p.m.:  red  sun-set.  19.  A  very  fine  da.y:  Ihe  Iwlli'lit  luminous,  and  kome* 
what  ruby-coloured,  followed  by  Cirraalralui.  SO.  Windy  :  various  clouds  :  tbe 
iby  purplish  ruiind  tbe  moon  at  nighL  21.  a.  m.  Brisk  N.  W.  wind :  sbowers. 
83.  Showers.  88.  A  brisk  iviiid  at  S.  E, :  CiVrn!,  followed  by  Cirroj/ra/m;  Wimfti 
in  tbe  S.  al  lun-set :  raiu  by  ten  at  night.     HO.  Some  thunder:  rainy  afternooo. 


RESULTS. 
Windi  Westerly,  with  a  imall  porlion  of  Eailerly  at  the  h.'ginnicgand  end  of  the 


Barometer;  Greatest  brigfal 30'aS  int 

Least  99-51 

Mean  of  Ihe  pe.riad    29-818    . 

Thennonieter :  Greatest  heigh i 80" 

Least  34 

Mean  of  Ihe  period 68-58 

Evaporation,  S-D8  itiches.      Rain,  MO  inch. 
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From  Ihe  8lh  to  Ihe  S9d  inclusive,  I  made  obuervatinns  on  Ihe  temperature  with 
an  additional  Sii'a  thermometer,  placed  in  a  pmilion  nearly  horizontal  ripo^ied  tn 
the  sua  on  a  grass  plal,  30  yards  distant  from  the  standard  one  (which  is  near  the 
bonse),  and  abool  ten  feet  lower  Ihan  the  latter.  This  second  ihenjiomelpr  indi- 
cated, with  two  exceptions,  a  highrr  temperature  f;ir  the  day  )  the  difference  in 
one  case  being  10°,  and  the  mean  diSi^rence  4° :  it  indicated,  uniformly,  a.  lomw 
lemperalurc  for  Ihe  night,  the  greatesl  difference  being  6°,  Ihe  mean  difference 
t'B"  -,  but  llie  total  tnenn  of  the  observations  differed,  as  1  anticipated,  very  little, 
the  upper  Ihermomeler  giting  67-6°,  the  lower  57-1°. 

Tot-tamuw,  Sixth  Month,  7,  1815,  L,   HOWARD, 
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Article  L 


Sofhe  Account  of  the  late  Smithson  Tenrumt,  Esq. 

{Continued  from  p.  H.) 

1  Hat  desire  of  visiting  remote  countries,  of  viewing  ttie  pro- 
ductions of  Nature  in  more  favoured  climates,  and  of  observing  the 
practical  effects  of  different  systems  of  laws  and  government,  which 
b  common  to  every  man  of  talents  and  curiosity,  was  felt  with 
peculiar  force  by  Mr.  l^enndnt,  and  may  be  considered  as  one  of 
his  ruling  passions.  He  was  therefore  much  disposed,  after  he  bad 
relinquished  the  intention  of  medical  practice,  to  indulge  this  in- 
clination, and  to  travel  in  those  parts  of  Europe  which  he  had  not 
already  visited.  .  But  the  war  with  f'rance  opposed  many  obstacles 
to  continental  excursions  ;  and  the  uncommon  sufferings  which  he 
experienced  from  sea  sickness,  deterred  him  from  forming  any  pro- 
ject in  which  a  sea  voyage  of  any  considerable  length  was  to  be  un-^ 
dertaken.  Qe  often  regretted  that  this  unfortunate  peculiarity  of 
bis  constitution  prevented  him  from  seeing  the  United  States  of 
^mierica;  and  he  abandoned,  but  with  considerable  reluctance, 
those  schemes  of  travelling  in  distant  countries,  to  which,  at  this 
particular  period  of  his  life,  hie  would  otherwise  have  been  strongly 
inclined. 

But  althpugh  he  was  thus  prevented  from  indulging  in  a  favourite 
taste,  his  situation  at  this  period  was  in  many  respects  one  of  the 
|B96t  enviable  in  which  a  man  of  science  could  be  placed.  He  was 
independent  in  bis  circumstances ;  and  being  free  from  all  profes- 
sional avocations,  enjoyed  the  entire  command  of  hi^[)wn  time. 
His  residence  in  the  metropolis  gave  him  easy  access^  viVNal<&N^X 
was  new  and  valuable  in  science  and  literature^  aa  Y{t\\«&^^  mt»K* 
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of  constant  intercourse  witli  aeveral  of  his  most  intimate  friends, 
who  were  more  or  less  interested  in  liis  own  particular  pursuits,  and 
with  whom  he  could  freely  communicate  relative  to  the  various  sub- 
jects upon  which  he  was  continually  employed.  His  philosophical 
reputation  was  established ;  his  talents  were  fully  acknowledged } 
and  be  was  beginning  to  be  known  and  valued  in  a  distinguished 
circle  of  society  for  the  extent  and  originality  of  his  knowledge, 
itnd  his  extraordinary  powers  of  entertainment  and  inibrmaiion. 

Something,  however,  was  still  wanting  to  his  happineis;  for 
though  his  time  was  agreeably  and  usefully  filled  up,  be  was  with- 
out any  regular  occupation  or  definitive  object  of  pursuit ;.  and  bis 
studies,  howtver  interesting,  were  too  desultory  to  fix  his  attention, 
or  take  a  sufficiently  permanent  hold  on  hia  thoughts.  The  com- 
position of  some  literary  or  scientific  work  (of  which  at  different 
periods  of  his  life  he  had  several  vague  and  floating  projects)  would 
Jiflve  been  the  natural  resource  and  occupation  of  sucb  a  mind. 
But  although  Mr.  Tennant  was  capable  of  great  efforts  on  a 
ludden  emergency  or  for  a  particular  purpose,  be  had  bis  full  share 
of  that  indecision,  and  fastidiousness  of  taste  which  belong  to  the 
temperajnent  of  genius;  and  which  seldom  fail,  unless  counter- 
acted by  early  habits  of  self  controul,  to  disqualify  ibe  possessor  for 
those  long  continued,  and  persevering  exertions,  so  indispensable 
to  great  literary  undertakings.  This  defect  of  resolution,  originating 
io  part  from  his  extraordinary  powers,  was  lamented  by  all  his  par- 
ticular friends,  hut  by  no  one  more  feelingly  tban  by  Mr.  Tennant 
himself.  It  increased  with  his  increasing  years ;  and  the  evil  wm 
now  aggravated  by  an  unfortunate  alteration  in  the  state  of  hi*, 
health,  which  was  beginning  gradually  to  decline,  and  to  require 
continual  attention. 

It  was  owing  principally  to  these  causes  that,  within  a  very  few 
years  after  he  had  relinquished  the  study  of  medicine,  be  became 
insensibly  disposed  to  some  new  occupation ;  and  one  of  those  acci- 
dents upon  which  the  fortunes  of  human  life  depend,  determinei) 
him  to  engage  in  agricultural  pursuits.  He  had  for  some  time  been 
accustomed  to  take  long  journies  for  the  sake  of  his  health  ;  during 
one  of  which  he  happened  to  pay  a  visit  to  a  friend  in  Lincolnshire, 
who  had  been  much  connected  with  bis  family,  but  with  whom  he 
was  not  in  habits  of  regular  intercourse.  This  was  about  the  yat 
1797)  8t  "I*  early  period  of  those  great  advances  in  agriculture,  since 
become  very  general,  by  which  that  part  of  the  kingdom  has  been 
10  much  distinguished.  His  friend's  residence  was  in  an  extensive 
tract  of  country,  very  favourable  for  such  improvements,  adjoining 
to  the  river  Trent,  and  known  by  the  name  of  the  Isle  of  Asholme, 
where  very  considerable  enclosures  had  lately  taken  place,  A  great 
■pirit  of  enterprize  had,  in  consequence,  been  excited  ;  and  the  cul- 
tivation of  new  land  (principally  by  the  growth  of  rape  seed)  was 
carried  on  to  a  great  extent,  and  with  extraordinary  vigour  and 
success.  There  was  nothing  in  the  previous  habits  of  Mr.  Tennant'i 
13/e  which  bad  particularly  led  him  to  the  study  or  practice  of  agri- 
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culture  'y  but  the  sight  of  these  great  improvements  afforded  much 
gratification  to  his  feelings^  and  was  highly  interesting  to  his 
curiositv*  His  attention  was  very  naturally  directed  to  the  system 
of  cultivation  itself;  and  the  knowledge  and  experience  of  his  Lin* 
colnshire  friend,  who  had  himself  practised  the  new  husbandry 
with  great  intelligence  and  success,  afforded  him  the  best  means  of 
ioformation  relative  to  the  whole  of  this  subject.  Under  the  in- 
fluence of  his  example  and  advice,  and  after  having  satisfied  him- 
self that  the  speculation  afforded  a  reasonable  prospect  of  advan- 
tage,  Mr.  Tennant  shortly  afterwards  purchased  several  allotments 
ot  unenclosed  land  in  that  neighbourhood,  and  began  to  Qultivate 
them  on  hb  own  account,  entrusting  the  chief  management  of  the 
concern  to  the  skill  and  judgment  of  his  friend.  At  subsequent 
periods  he  purchased  other  allotments,  and  made  considerable  addi' 
tions  to  this  property. 

From  the  time  of  making  his  first  purchase  in  Lincolnshire,  Mr* 
Tennant  paid  great  attention  to  the  study  of  rural  economy ;  and 
his  attachment  to  this  new  pursuit  gradually  increasing,  he  became 
desirous  of  engaging  in  some  agricultural  concern  upon  a  more  ex- 
tensive scale.  It  was  with  this  intention  that  about  the  year  1 7^3  or 
1799  he  purchased  a  considerable  tract  of  waste  land,  newly  allotted 
under  an  Enclosure  Act,  on  the  Mendip  hills  in  Somersetshire. 
The  purchase  was  originally  made  in  conjunction  with  a  particular 
friend,  who  for  some  time  resided  on  the  spot,  and  personally 
superintended  the  concern.  But  a  partition  of  the  estate  afterwards 
taxing  place,  a  portion  of  land  was  assigned  to  Mr.  Tennant, 
situated  near  the  well-known  village  of  Cheddar,  which  was  re- 
tuned  by  hun  in  his  own  hands,  and  became  the  principal  scene  of 
his  farming  operations.  Here  he  built  a  small  house,  at.  which, 
during,  the  remainder  of  his  life,  he  passed  some  months  every 
summer,  besides  occasional  visits  at  other  times  of  the  year. 

London,  however,  still  continued  to  be  the  principal  place  of  his 
residence ;  since  his  passion  for  agriculture,  however  strong,  had  in 
no  respect  diminished  his  bigh  relish  for  the  pleasures  of  cultivated 
society,  and  for  the  interesting  objects  continually  afforded  by  the 
metropolis.  It  must  be  obvious,  however,  that  these  latter  tastes 
must  nave  interfered  very  considerably  with  the  due  management  of 
his  &rming  concerns.  Such  undertakings,  in  order  to  be  profitable, 
require  for  the  most  part  strict  pei^onal  inspection,  and  a  constant 
attention  to  minute  details.  This  sort  of  vigilance  it  was  impossible 
for  Mr.  Tennant  to  exert ;  but  he  kept  up  a  constant  correspond- 
ence with  his  agents  in  the  country,  receiving  from  them  such  in- 
formation, and  transmitting  such  instructions,  as  could  be  commu- 
nicated by  letters.  For  a  certain  period  (as  it  was  reasonable  to 
expect),  owing  partly  to  his  own  inexperience,  and  partly  to  un- 
fiivourable  seasons,  and  other  accidents,  his  speculations  were  not 
prosperous ;  and  he  occasionally  sufibred  some  anxiety  and  disp^- 
pointment.  But  in  process  of  time  be  acquired  more  ^v%.Ql\Qft 
information,  and  became  insensibly  habituated  \o  icaxx'}  V 
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Texations,  which  at  first  had  given  him  ureasiness.  The  prospect 
gradually  brightened  ;  and  during  ihe  latter  part  of  his  life  his  t-on- 
cerdi"  were  brought  into  better  order,  and  appear  to  have  been 
attended  wiih  a  reasonable  degree  of  success. 

But  whether  these  agriculiural  undertakings  were  profitable  or 
not,  they  doubtless  contributed  in  several  important  respects  to  his 
comfort  and  happiness.  They  were  conducive  to  his  health,  hy 
affording  additional  motives  for  exercise  in  the  open  air,  and  for 
those  long  journies  on  horseback  which  his  consiitoiion  required, 
Hnd  which  were  thus  rendered  less  irksome.  They  furnished  his 
mind  with  a  perpetual  supply  of  thiit  steady,  equable  occupation, 
which  forma  so  essential  an  ingredient  in  human  happiness,  hut 
which  possilily  he  would  not  have  provided  for  himsell'  from  any 
other  source.  What  was  scarcely  less  important,  these  pursuits 
were  the  accidental  occasion  of  his  reviving  a  connection  with  one 
of  his  early  fiieods,  formed  originally  at  Cambridge,  hut  which 
distance  of  place  and  other  circumstances  had  interrupted  for  many 
years.  The  intercourse  between  them  was  renewed  soon  after  Mr, 
Tennant  became  established  at  the  Somersetshire  farm,  which  wai 
not  far  from  his  friend's  residence ;  and  it  was  productive  of  great 
happiness  to  both  parties.  Mr.  Tennant  found  in  his  friend's  family 
those  congenial  tastes  and  opinions,  which  form  the  strongest  bond 
of  union  j  and  during  the  remainder  of  bis  life  he  invariably  ex- 
perienced from  them  all  that  affectionate  regard,  which  the  greatest 
personal  esteem,  united  with  a  sincere  admiration  of  his  talents, 
could  inspire.  With  these  friends,  whenever  he  had  leisure  and 
inclination,  he  found  a  constant  home  ;  and  it  is  highly  probable 
that  some  of  his  happiest  hours  were  passed  in  their  hospitable 
mansion. 

The  change  in  his  habits,  occasioned  by  his  agricultural  engage- 
ments, was  not  equally  favourable  (o  his  scientific  pursuits.  Hit 
spirits  were  often  exhausted,  and  his  mind  fatigued  and  oppressed, 
by  the  alleuiion  which  he  thought  it  necessary  to  bestow  upon  the 
correspondence  with  bis  agents,  ihe  examination  of  his  farming 
accounts,  and  oilier  details  equally  tedious  and  minute ;  and  it  \i 
impo-sibic  to  reflect  upon  the  time  thus  consumed,  without  lament- 
ing that  it  was  not  employed  for  purposes  more  beneficial  to  man- 
kind, and  more  worthy  of  his  genius  and  understanding. 

It  appears,  however,  from  various  notes  and  memoranda  which 
are  found  among  his  papers,  that  from  the  time  when  he  first  be- 
came engaged  in  agricultural  pursuits,  he  was  very  industrious  ia 
procuring  information  from  the  best  works  upon  farming,  and  that 
ne  made  various  practical  remarks  during  his  journies,  and  collected 
many  accurate  and  circumstantial  details  relative  to  the  modes  of 
cultivation  adopted  in  ditferent  parts  of  England.  In  the  course  of 
these  inquiries,  he  bad  discovered  that  there  were  two  kinds  of  lime- 
stone known  in  the  midland  counties  of  England,  one  of  which 
differed  from  common  lime-stone  in  yielding  a  lime  injurious  to 
regemiofi.     He  explained  the  cause  of  this  difference  iu  a  paper. 


1815.]  Smilhson  Tennant,  Esq.  K 

communicated  to  the  Royal  Society  in  the  year  1799 ;  shewing  that 
carbonate  of  magnesia  is  an  ingredient  in  the  latter  species  of  lime-> 
stone,  which  he  describes  as  an  extensive  strahim  in  the  midland 
counties,  and  as  being  found  also  in  many  other  situations,  .part icu^ 
larly  among  the  primitive  marbles,  under  the  name  of  Dolomite.  He 
gives  the  proportions  in  which  lime  and  magnesia  exist  in  many 
specimens  of  this  lime-stone,  and  infers  from  its  slow  solution  in 
Wids,  and  from  its  crystalline  structure,  that  it  is  rather  the  result 
of  chemical  combination  than  of  a  casual  mixture  of  the  two 
earths.  This  conjecture  has  since  been  verified  by  the  goniometrical 
researches  of  Dr.  Wollaston,  and  by  the  near  agreement  of  Mr. 
Tennant's  analysis  with  the  constitution  of  the  mineral  as  inferred 
from  the  law  of  definite  proportions. 

Mr.  Tennant  had  found  that  grain  will  scarcely  germinate,  and 
soon  perishes,  in  moistened  and  perfectly  mild  carbonate  of  mag- 
nesia; and  that  the  injurious  effects  of  the  magnesia  m  agriculture  do 
sot  depend  on  its  property  of  long  remaining  caustic,  but  probably 
on  some  inherent  quality  of  the  earth  itself.  He  also  made  many 
experiments  on  the  germination  and  growth  of  various  seeds  and 
plants  in  different  mixtures  of  the  simple  earths;  and  transporting 
portions  of  soil,  either  from  his  own  estates,  or  from  different  part^ 
of  England,  to  the  neighbourhood  of  London,  he  tried  on  a  small 
scale  the  effects  of  various  manures  in  promoting  the  growth  of 
different  vegetables,  and  endeavoured  in  this  way  to  obtain  hints  for 
improved  modes  of  cultivation. 

In  the  year  1802  he  communicated  to  the  Royal  Society  his  che- 
mical examination  of  £mery,  which  had  hitherto  been  considered  as 
an  ore  of  iron.  He  showed  th<it  it  consists  principally  of  alumina^' 
and  that  it  nearly  agrees  with  the  Corundum  of  China^  which  had 
been  analyzed  a  short  time  before  by  Klaproth. 
.  In  the  month  of  July  during  the  same  year,  in  endeavouring  to 
make  an  alloy  of  lead  with  the  powder  which  remains  after  treating 
crude  platina  with  aqua  regia,  he  observed  remarkable  properties  in 
the  powder,  and  found  that  it  contained  a  new  metal.  But  while 
be  was  engaged  in  pursuing  this  investigation,  the  attention  of  two 
French  chemists  was  accidentally  directed  to  the  same  object.  In 
the  autumn  of  1803  M.  Descptils  had  discovered  that  the  powder 
contains  a  metal  which  gives  a  r^d  colour  to  the  ammoniacal  preci-^ 
pitate  of  platina  ;  and  M.  Vauquelin  having  treated  the  powder  with 
alkali,  obtained  from  it  2|  volatile  oxide,  which  he  considered  as  be* 
longing  to  the  same  metal. 

In  the  spring  of  the  year  1804,  Mr.  Tennant  having  completed 
the  course  of  his  experiments,  communicated  the  results  to  the 
Royal  Society.  He  shewed  that  the  powder  consisted  of  two  new 
metals,  to  which  he  gave  the  names  mf  Iridium  and  Osmium,  and 
that  these  might  be  separated  from  one  another  by  the  alternate 
action  of  heated  alkali  and  of  acid  menstrua.  By  crystallization 
from  the  acid  solution,  he  obtained  a  pure  salt  of  iridium^  fron\ 
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which  he  determined  with  accuracy  the  real  properlies  of  the  metal 
and  of  its  compounds ;  and  from  a  comparison  with  these  he  ascer- 
tained that  the  volatile  oxide  belonged  lo  another  metal  (osmium), 
which  he  also  obtained  in  a  state  of  purity. 

The  analysis  of  crude  platina  presented,  perhaps,  some  of  the 
greatest  difficulties  with  which  chemistry  had  ever  yet  ventured  to 
contend.  Besides  a0brding  traces  of  several  of  the  known  metals, 
the  ore  contained,  in  very  minute  quantities,  four  new  metallic 
elementary  bodies,  whose  existence  was  previously  unsuspected,  and 
whose  respective  characters  were  to  be  distinguished  before  the 
separate  nature  of  the  bodies  could  be  ascertained.  Dr.  Wollaston 
and  Mr.  Tcnnant,  who  were  employed  upon  this  ore  at  the  same 
time,  and  whose  habits  of  friendly  intercourse  led  them  to  commu- 
nicate freely  with  each  other  during  the  progress  of  sheir  expeii- 
roents,  gave  proofs  of  their  great  sagacity  by  completely  soli'ing 
this  problem  ;  Mr.  Tennant  in  the  manner  already  described,  and 
his  fiiend  by  the  discovery  of  the  two  metals  called  Palladium  and 
Rhodium. 

On  the  50th  of  November,  1801,  Mr.  Tennant  had  the  honour 
of  receiving  the  Copley  medal,  which  was  conferred  on  him  by  the 
Royal  Society  for  his  various  Chemical  Discoveiies. 


About  the  year  1805  and  1806  Mr.  Tennant  made  two  joumies 
during  successive  summers  into  Ireland  ;  going  and  returning  on 
both  occasions  by  Scotland,  in  order  to  abridge  as  much  as  possible 
the  sufferings  attendant  on  a  sea  voyage.  In  the  course  of  these 
journies  he  visited  most  parts  of  Ireland  which  possess  any  attrac- 
tion for  a  traveller,  and  had  the  advantage  of  viewing  the  Glast'i 
Causeway,  in  company  with  Dr.  Wollaston,  whom  he  met  by  a 
fortunate  accident  in  the  north  of  Ireland  duiing  one  of  these 
tours. 

His  attention,  however,  was  not  confined  to  scientific  objects ; 
for  he  made  many  remarks  on  the  agriculture,  manufactures,  and 
general  state  of  Ireland.  He  was  particularly  struck  with  the  vast 
population  of  the  country,  compared  with  that  of  Scotland,  through 
which  he  had  lately  passed,  and  even  with  the  average  population 
of  England.  The  backward  state  of  its  improvement  and  cultiva- 
tion, considering  its  various  resources,  and  the  natural  fertility  of 
the  soil,  presented  other  objects  of  conti^ast,  which  could  not  fail 
to  interest  him.  His  attention  was  naturally  led  to  the  causes  of 
this  inferiority ;  but  to  enter  into  his  opinions  on  this  important 
subject,  would  require  a  wider  field  of  discussion  than  is  consistent 
with  the  limits  of  the  present  narrative.  One  observation,  how- 
ever, selected  from  many  others,  which  is  strongly  marked  with  hit 
characteristic  liberality  and  good  sense,  may  perhaps  deserve  to  be 
mentioned.  His  curiosity  had  led  him  to  inquire  into  the  state  of 
education  among  the  lower  Irish  Catholics,  and  he  was  much  struck 
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with  the  ntrrov  and  illibefal  cast  of  most  of  their  books  of  pot>Qiar 
instruction*  This^  which  he  justly  considered  as  a  serious  evU,  he 
attributed  in  a  great  degree  to  a  sort  of  party  spirit  in  the  Catholic 
clergy,  which  arises  from  the  unfortunate  alienation  subsisting  be- 
tween them  and  the  Government,  He  observed,  that  if  proper 
means  were  taken  to  conciliate  this  body,  they  would  gradually 
Itlax  from  their  strictness,  and  become  better  informed  and  more 
enlightened;,  and  that  thus,  without  the  formality  of  conversion^ 
the  great  masa  of  their  followers  might  perhaps,  by  little  and  little, 
imbibe  a  portion  of  the  spirit  of  protestantism,  and  be  brought  to 
{lartake  of  the  knowledge  and  improvements  of  the  age« 

In  one  of  the  journies  to  Ireland,  which  has  given  occasion  to 
jdiese  remarks,  Mr.  Tennant  was  accompanied  by  Mr.  Browne, 
the  celebrated  African  traveller,  with  whom  he  had  lived  for 
aome  time  in  habits  of  great  intimacy.  As  Mr.  Browne,  although 
not  much  personally  known,  was  remarkable  on  several  accounta^ 
and  a.  man  of  considerable  merit,  it  may  not  be  improper  to  de^ 
scribe  shortly  the  nature  and  origin  of  this  connection ;  which  will 
abo  afibrd  an  o|^rtunity  of  throwing  a  new  light  upon  Mr.  Ten- 
nant's  character,  and  placing  it  in  a  particular  point  of  view,  in 
which  it  has  not  yet  been  considered. 

Mr.  Tennant  was  one  of  the  most  determined  advocates  of  civil- 
ized life,  in  opposition  to  those  sentimental  theories,  which  extol 
simplicity,  and  undervalue  the  advantages  of  a  refined  and  cultivated 
age.  The  decided  superiority  of  the  latter  was  one  of  bis  favourite 
topics  of  conversation ;  and  be  would  often  dwell  with  particular 
pleasure  upon  the  spirit  of  improvement  displayed  in  our  own  times, 
^  and  the  energy  and  intelligent  aciivitv  of  modem  Europe,  whidi  he 
was  fond  of  contrasting  with  the  apathy  and  torpor  of  the  East.  Yet 
by  one  of  those  inconsistencies,  from  which  no  human  understand « 
ing  is  entirely  exempt,  he  took  a  singular  interest  and  delight  in  all 
accounts  of  Oriental  nations,  and  in  the  peculiarities  and  details  of 
their  ehaiacters,  habits,  aad  institutions.  The  historical  recoUec- 
tiona  and  ioaages  of  andeat  renown  which  are  associated  with  those 
remote  countries,  the  entire  difference  of  ouinners  and  religions, 
and  the  dignified  gravity  and  imposing  exterior  of  the  present  inlia- 
hkants,  amused  and  gratified  his  imagination.  He  was  a  consider- 
able purchaser  and  collector  of  books  and  engravings  relative  to  the 
£ast ;  and  had  perused  with  great  eagerness  and  curiosity  all  the 
Bamerous  publications  respecting  Turkey,  Egypt,  and  Persia,  which 
have  appeared  during  the  last  twenty  years.  He  was  also  familiarly 
acquaioted  with  the  principal  Eastern  travellers  of  former  times ; 
among  whom  Chardin,  Norden,  Russell,  and  Shaw,  were  those 
whom  he  particularly  valued.  His  knowledge  of  the  countries  de- 
;acribed  by  these  writers  was  remarkably  accurate  and  minute,  and 
extended  in  many  cases  even  to  geographical  details. 

With  the  tastes  and  feelings  resuldng  from  this  turn  of  mind,  it 
mKg  easily  be  conceived  that  Mr*  Tennant  had  a  peculiar  gratifica-* 
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tion  in  tTie  society  of  Mr.  Browne.  He  found  in  tliat  distinguished 
trnveller,  not  only  an  intimate  ncquainiance  with  those  countries 
which  so  much  interested  his  curiosity,  but  a  considerable  fund  of 
learning  and  infoimaiion,  united  with  great  modesty  and  simplicity, 
and  with  much  kindness  of  disposition.  By  strangers,  however, 
Mr.  Browne's  cliaracier  was  apt  to  lie  misunderstood.  Whether 
from  natural  temperament,  or  from  habits  acquired  in  the  East,  he 
was  unusually  grave  and  silent,  and  his  manners  in  general  society 
were  extremely  cold  and  repulsive.  Even  in  company  with  Mr. 
Tennant,  to  whom  he  became  sincerely  attached,  he  would  often 
remain  for  some  time  gloomy  and  llioughtful.  But  after  indulging 
himself  with  his  pipe,  his  eye  brightened,  his  countenance  becam^ 
animated,  and  he  described  in  a  lively  and  picturesque  manner  the 
interesting  scenes  in  which  he  had  been  engaged,  and  to  which  he 
again  looked  forward.  Of  tiie  impression  left  on  Mr.  Tennant's 
mind  by  these  interviews,  some  idea  may  be  formed  from  the  follow- 
ing passage  of  a  letter  written  by  him  to  an  intimate  friend  soon 
after  he  had  received  the  account  of  Mr.  Browne's  death.  "  I 
recall,"  he  says,  "  the  Nodes  ArahiccB  which  1  have  often  passed 
with  him  at  the  Adelphi,  where  ]  used  to  go  whenever  I  found 
myseif  gloomy  or  solitary  ;  and  so  agreeable  to  me  were  these  sooth- 
ing, romantic  evening  conversations,  that  after  ringing  his  bell,  I 
iised  to  wait  with  some  anxiety,  fearful  that  he  might  not  be  at 
home." 

In  the  autumn  of  1812,  some  years  after  his  journey  to  Ireland 
with  Mr.  Tennant,  Mr.  Browne  took  his  departure  from  England 
on  an  espcdiiion  which  he  bad  long  projected,  to  the  unexploied 
Tartar  city  of  Samarcand,  He  first  visited  Constantinople ;  and  at 
the  instigation  of  Mr.  Tennant  made  a  diligent,  but  fruitless,  search 
for  the  meleoiic  stone,  which  is  mentioned  to  have  fallen  at  Egos- 
potamos  in  the  Faiian  Chronicle  and  in  Pliny.  From  Cunslanti- 
nople  he  went  to  Smyrna,  where  he  passed  the  winter ;  and  from 
thence  to  Tabriz  in  Persia;  from  both  which  places  he  wrote 
Several  very  interesting  letters  to  Mr.  Tennant.  In  one  of  these  he 
mentions,  that  in  passing  through  Armenia  he  had  satisfied  himself 
Ijy  mineralogtcal  observations  which  he  had  made,  that  a  consider- 
able tract  of  that  country,  including  Mount  Ararat,  is  of  volcanic 
Origin.  He  likewise  ascertained,  by  measuring  the  temperature  of 
boiling  water,  (at  the  suggestion  of  Mr.  Tennant)  that  the  city  of 
Arzroutn,  the  capital  of  Armenia,  is  70OO  feet  above  the  level  of 
the  sea. 

Most  unfortunately  for  the  cause  of  scientific  discovery,  Mr. 
Browne  perished  afterwards  (as  is  well  known)  by  the  hands  of 
Banditti,  near  the  river  Kizzil  Ozan,  east  of  Tabriz.  Previously 
to  his  leaving  England,  when  he  was  setting  out  on  this  journey,  he 
liad  made  his  wilt,  by  which  he  named  Mr.  Tennant  one  of  the 
executors,  and  left  him  a  considerable  bequest.  On  opening  the 
packet  in  which  the  will  was  enclosed,  a  paper  was  found  \a  Mr, 
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Browne's  hand-writing,  containing  a  characteristic  and  remarkable 
passage  from  one  of  Pindar's  Odes,  highly  expressive  of  that  gene- 
Anis  ambition,  and  contempt  of  danger  and  death,  which  are  tlie 
trae  inspiring  principles  of  such  enterprizes.^  Till  he  saw  this 
paper,  Mr.  Tennant,  notwithstanding  his  long  intimacy,  had  never 
been  fully  aware  of  the  real  force  of  his  friend's  character,  and  of 
Ae  powerful  and  deep  feelings  which  his  cold  manners  and  habitual 
nserve  had  efiectually  concealed  from  observation,  f 


It  was  before  stated  that  Mr.  Tennant's  health  had  been  gradually 
declining.  His  frame  was  naturally  feeble;  and  during  the  latter 
years  of  his  life,  though  he  was  seldom  materially  indisposed, 
he  was  scarcely  ever  entirely  well.  Almost  always  on  going  to 
bed  he  had  a  certain  degree  of  fever,  and  was  often  obliged 
to  get  up  m  the  middle  of  the  night,  and  to  obtain  relief  by 
exposure  to  the  cool  air.  To  preserve  himself  in  any  degree 
of  bodily  vigour,  he  was  under  the  necessity  of  using  daily 
exercise  on  horseback ;  a  practice  which,  though  he  complained  of 
as  a  serious  encroachment  on  his  time,  he  hardly  ever  omitted  in 
the  severest  weather.  His  long  journies  into  various  parts  of  Eng* 
land  and  Ireland  were  usually  perfornied  in  this  manner. 

*  The  follow  in  j;  is  the  passage  alluded  to :— > 

'O  fJtfiyui  ^i  fttyo'v 

'tl  %i  T(^  etvanvfjLOf  yiHoet^  iv  vtcorm 
«.    * '  */ 1  /     '     *     /        * 

Pindari  Ofymp,  Carm.  1,  T.  12^.     ' 

{  In  the  paths  of  dangerous  fame 

Trembling  cowards  never  tread ; 
Yet  since  all  of  mortal  frame 

Most  he  numbered  with  the  dead^ 
lYho  in  dark  in^rlorioas  shade 

Would  his  useless  life  cunsume,  ' 

And  with  deedless  years  decay'd 

Sink  unhonourM  to  the  tomb  ? 
X  that  shameful  lot  disdain, 

I  this  doubtful  list  will  prove. — 
♦  WesCi  Pindar, 

f  It  may  be  worth  mentioninfi:,  that  Mr.  Tennant  always  lamented,  afier  he 
1)ecame  acquainted  with  Mr.  Browne's  learning  and  talents,  that  his  intimacy  with 
him  had  not  commenced  before  the  publication  nf  his  African  Travels.  In  pre- 
paring that  work  for  the  press,  Mr.  BroVrne,  from  an  unreasonable  dixtruit  of  hii 
own  powers,  had  thought  it  necessar\  to  have  recourse  to  lit«  rarv  assistance  ;  but 
was  not  happy  in  his  compiler.  Neither  the  style  of  the  Travels,  nor  the  tone  in 
which  they  are  composed,  is  such  as  to  do  any  justice  to  the  important  informal 
tion  which  they  contain,  or  to  the  character  and  merits  of  the  distinguished  tra<- 
vcUer  whose  name  they  bear, 
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In  the  sanimerof  ltj09,  as  he  was  riding  lo  Brightbelnistnn,  he 
met  with  a  serious  accident,  by  which  his  ct^llar  bone  tvas  broken. 
He  wai  removed  to  the  house  of  his  friend  Mr.  Howard,  in  the 
neighbourhood  of  London,  where  lie  whs  treated  with  the  most 
afieciionale  kindness,  and  remained  till  his  complete  recovery. 

During  the  early  period  of  his  residence  in  London,  Mr,  Ten- 
lumt  had  led  lather  a  retired  life ;  but  in  his  more  advanced  yean 
he  went  much  more  into  the  world,  and  cuhivated  general  society. 
He  had  a  particular  pleasure  in  conversing  with  intelligent  travellera 
newly  returned  from  distant  countrie:^,  or  in  suggesting  rational  ob- 
jects of  inquiry  to  such  as  were  about  to  visit  them.  As  an  instance  of 
the  latter,  it  may  be  mentioned,  that  he  was  at  considerable  pains  ia 
instructing  M.  Burchardt,  a  gentleman  sent  out  by  the  African  Asso- 
ciation to  explore  the  interior  of  that  continent,  in  the  principles  of 
mineralogy.  He  frequently  gave  small  morning  parties  at  his  cham- 
bers in  the  Temple,  which  he  rendered  very  amusing  to  hie  friends 
by  the  exhibition  of  interesting  prints  and  drawings,  of  rare  specimens 
and  new  substances  in  chemistry,  or  of  other  objects  calculated  to 
gratify  an  intelligent  and  well-directed  curiosity.  It  happened  in 
(he  spring  of  1B12  that  he  had  engaged  to  shew  his  mineralogical 
collection  to  a  large  party  of  his  acquaintance,  with  a  view  of  ex- 
plaining to  them  the  nature  of  some  of  the  principal  substances,  and 
of  giving  ihem  some  general  ideas  of  mineralogy.  His  intention  being 
known,  several  others  of  his  friends  requested  permission  to  be  pre- 
sent ;  and  he  was  gradually  induced  to  extend  his  original  plan,  aod 
to  give  a  few  lectures  on  the  general  outlines  of  mineralogical  che- 
mistry. The  undertaking  was  somewhat  arduous,  considering  the 
expectations  which  hts  high  character  was  likely  to  e\cite,  his  total 
inexperience  as  a.  lecturer,  and  the  difficulty  of  adapting  himself  to 
so  mixed  an  audience ;  which,  though  consisting  principally  of 
females,  included  many  individuals  distinguished  for  science  and 
literature.  It  was  attended,  however,  with  complete  success.  Of 
Fontenelte,  the  first  of  those  writers  who  have  given  a  popular  and 
engaging  form  to  the  lessons  of  philosophy,  it  is  said  by  Voltaire  ; — 
"  L'igaarant  I'entendit,  \e  savant  Tadniira." 

This  praise  was  strictly  applicable  to  Mr.  Tennant.  The  great 
clearness  and  facility  of  his  statements,  the  variety  and  happiness  of 
his  illustrations,  and  the  comprehensive  philosophical  views  which 
be  dis(Jayed,  were  alike  gratifying  to  every  pait  of  his  audience. 
He  delivered  about  four  lectures,  each  of  which  was  of  great 
length;  yet  the  interest  cA  his  hearers  was  never  in  the  least  sus- 
pended. Though  his  style  and  manner  of  speaking  were  raisec! 
only  in  a  slight  degree  above  the  tone  of  familiar  conversation,  their 
attention  was  perpetually  kept  alive  by  the  spirit  and  variety  with 
whicli  every  topic  was  discussed,  by  anecdotes  and  quotations  hap- 
pily introduced,  by  the  ornaments  of  a  powerful,  but  chastised, 
ipnaginatitm;  and,  above  all,  by  a  peculiar  vein  of  pleamotry,  it 
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once  original  and  delicate,  with  which  he  could  animate  and  em* 
bellish  the  most  unpromising  subjects. 

The  delivery  of  these  lectures  may  be  considered  by  some  persons 
IIS  a  very  trifling  occurrence  in  the  life  of  a  man  of  science ;  but 
the  writer  has  thought  it  well  worthy  of  a  place  in  the  present  nar- 
rative, not  only  as  affording  a  new  proof  of  the  extent  and  variety 
of  Mr.  Tenuant's  powers,  but  because  it  exemplifies  in  a  verjr 
pleasing  manner  one  of  the  striking  and  amiable  peculiarities  of  his 
character.  As  he  had  a  remarkably  clear  perception  of  the  most 
refined  scientific  truths,  so  he  possessed  a  power  of  explaining  and 
illustrating  such  subjects,  which  might  justly  be  deemed  unrivalled. 
Without  any  ostentation  of  learning,  he  had  a  peculiar  delight  in 
communicatmg  knowledge  to  others;  but  especially,  in  unfold- 
ing the  principles  of  science  to  young  persons,  capable  and  de- 
sirous of  receiving  such  information  ;  and  he  partook  with  the  most 
lively  sensibility  in  the  emotions  of  curiosity,  pleasure,  and  sur* 
prise,  which  his  lessons  seldom  failed  to  inspire.  He  entirely  dif* 
fered  from  those  who  condemn  as  trifling  and  superficial,  that  in* 
creasing  taste  for  scientific  knowledge  in  the  higher  and  more 
opulent  classes,  to  which  many  circumstances  have  lately  contri- 
buted. He  considered  the  diffusion  of  this  taste  among  the  young, 
the  idle,  and  the  wealthy,  though  liable  in  some  cases  to  degenerate 
into  affectation,  as  being  ih  its  general  efiects  highly  beneficial ; 
both  by  afibrding  to  an  important  class  of  society  additional  sources 
of  intellectual  pleasure  and  new  objects  of  rational  pursuit ;  and 
indirectly,  by  obtaining  for  science  and  its  professors  a  greater 
degree  of  public  consideration  and  respect  than  they  have  enjoyed 
in  any  former  age. 

In  the  spring  of  the  year  IS! 5  Mr.  Tennant  delivered  before 
the  Geological  Society  a  lecture  on  the  principles  of  mineralogy. 
After  taking,  an  historical  view  of  the  subject,  and  pointing  x)ut 
the  merits  and  defects  of  the  principal  writers  by  whom  it  had 
been  systematically  treated,  he  took  'an  enlarged,  view  of  the 
science,  regarding  it  as  that  branch  of  chemistry  which  treats  of 
the  definite'  compounds  that  are  found  native  in  the  mineral  king- 
dom, and  whose  crystalline  forms  and  other  properties  are  to  be 
stttdied  and  described  in  the  same  manner  as  those  of  any  other 
chemical  substance.  He  then  noticed  several  artificial  productions 
whieh  are  analogous  to  those  of  Nature ;  and  amongst  the  rest  a 
silicate  of  copper,  which  he  had  formed  by  adding  a  solution  of 
diat  metal  to  an  acidified  Uquor  silicum,  which  he  conceived  might 
perhaps  be  identical  with  the  Siberian  mineral  called  Dioptase. 

Mr.  T.  had  communicated  to  the  Geological  Society  some  time 
previously  (in  the  year  1811)  the  result  of  his  investigation  of  the 
native  boracic  acid,  which  he  had  discovered  in  a  collection  of  vol- 
canic substances  from  the  Lipari  Isles,  and  which  has  since  been 
feand  in  the  island  Volcano  by  Dr.  Holland.  This  communication 
was  published  in  the  first  volume  of  the  Transactions  of  Vci^d^^^ 
gical  Society* 
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In  the  year  1 813,  a  vacancy  happening  in  the  Chemical  Professor- 
ship at  Cambridge,  he  wasoirged  by  some  of  his  friends  resident  ia 
the  University  to  become  a  candidate  for  that  appointment.  He 
was  induced  to  accede  to  their  solicitations,  principally  from  think- 
ing that  the  duty  of  delivering  an  annual  course  of  lectures  would 
furnish  him  with  a  motive  of  useful  and  honourable  exertion.  For 
a  short  time  after  he  had  declared  himself,  some  opposition  was 
apprehended  on  the  part  of  a  very  respectable  candidate  resident  in 
the  University ;  and  during  this  period  the  exertions  which  were 
made  by  Mr.  Tennant's  friends,  and  the  assurances  of  support 
which  he  received,  greatly  exceeded  what  had  ever  been  known  on 
any  similar  occasion.  The  op|)osition  being  withdrawn,  he  was 
elected  Professor  in  May,  1813. 

During  the  months  of  April  and  May  in  the  following  year  he 
delivered  his  first  and  only  course  of  academical  lectures,  which  was 
attended  by  a  very  numerous  class  of  students.  The  greater  part  of 
these  lectures  were  spoken  from  notes  containing  the  order  of  the 
subjects,  and  the  principal  heads  of  discussion.  But  the  intro- 
ductory lecture  was  written  at  length,  and  still  remains  in  manu- 
script. It  presents  a  rapid  and  masterly  outline  of  the  history  of 
chemistry,  interspersed  with  many  original  and  striking  remarks  on 
the  nature  of  the  science  itself,  on  its  extensive  application,  and 
prodigious  effects  in  promoting  the  civilization  of  mankind,  and 
on  the  merits  and  discoveries  of  some  of  its  most  distinguished 
professors  in  different  ages  and  countries. 

Tne  impression  made  by  these  lectures  will  not  soon  be  forgotten 
in  the  University  ;  and  it  is  impossible,  without  the  greatest  regret, 
to  consider  the  effects  which  a  continuance  of  these  labours  during 
a  series  of  years  might  have  produced,  not  only  in  advancing  cjie- 
mical  knowledge,  but  in  diffusing  a  general  love  of  philosophical 
research,  and  in  promoting  enlightened  and  comprehensive  views 
on  all  the  various  subjects  with  which  that  science  is  more  or  less 
immediately  connected. 

In  June,  18H,  his  two  last  communications  were  read  to  the 
Royal  Society :  the  one  upon  an  easier  mode  of  procuring  potas-^ 
sium  than  that  which  is  in  common  use ;  and  the  other  on  the 
means  of  procuring  a  double  distillation  by  the  same  heat,  which 
has  been  more  than  once  alluded  to  in  the  course  of  this  memoir. 

The  great  variety  of  chemical  subjects  on  which  Mr.Tennant  had 
been  at  different  times  engaged,  but  upon  which  his  expepiracLM 
were  left  incomplete,  or  insufHciently  recorded,  has  been  already 
mentioned.  A  brief  notice  of  some  of  the  most  important  facts 
which  he  ascertained,  and  of  the  principal  series  of  experiments  to 
which  his  attention  was  directed,  would  form  an  interesting  part  of 
the  present  memoir;  but  this,  owning  to  various  causes,  and  espe- 
cially to  the  state  of  his  papers,  cannot  as  yet  be  attempted. 
Among  the  insulated  facts,  one  of  the  latest  was  the  making  sugar 
from  starch  with  oxalip  acid,  in  the  same  manner  as  it  had  been 
wade  by  M.  KiidioS  with  oil  of  vitriol ;  and  the  last  chemical  iQ«i 
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viestigation  to  which  he  applied  himself  was  an  endeavour  to  ascer- 
tain from  whence  the  Iodine  found  in  several  marine  plants  is  de- 
rived. On  this  he  had  laboured  assiduously  during  the  spring  and 
summer  of  18J4 ;  andearly  in  September  in  that  year,  the  evening 
before  he  left  London,  he  mentioned  to  a  friend  that  he  had  de- 
tected iodine  in  sea  water.  A  tarnishing  which  he  had  observed  in 
silver  leaf,*  led  him.  to  promise  himself  a  successful  termination  of 
these  researches ;  but  it  is  not  known  what  were  the  decisive  expe- 
riments by  which  he  had  succeeded  in  making  this  discovery,  f 


Mr.  Tennant  had  always  lamented  his  omission  to  visit  the  Gon^ 
tinent  of  Europe  during  the  short  peace  of  1802.  He  therefore 
took  an  early  opportunity,  after  the  general  pacification  of  18  M,  of 
passing  over  to  France  for  the  purpose  of  observing  those  changes 
which  the  eventful  period  of  the  last  twenty  years  has  produced, 
and  of  renewing  his  personal  communications  with  men  of  science 
at  Paris,  from  which  he  had  been  so  long  debarred.     His  own  ex- 

Eerience  had  taught  him  how  much  may  be  known,  which  has  not 
een  communicated  in  books.  In  this  respect  he  was  not  disap- 
pointed ;  for  in  one  of  his  letters,  written  a  short  time  before  he 
left  Paris,  he  mentioned  with  much  satisfaction  how  many  interest- 
ing facts  he  had  collected  which  would  enliven  his  Cambridge 
lectures. 

He  went  to  France  early  in  September,  1814;  and  the  following 
passage  of  a  letter,  in  which  he  relates  his  first  sensations,  may  be 
worth  transcribing,  both  because  it  affords  somewhat  of  a  specimen 
of  his  general  manner,  and  may  perhaps  recall  to  the  recollection  of 
his  friends  several  of  his  favourite  topics  and  opinions.  "  After  a 
short  and  favourable  passage  of  three  hours  and  a  half,  we  got  into 
the  harbour  of  Calais,  with  its  immense  pier.  The  difference  of 
'  every  thing  struck  me  prodigiously.    I  felt  quite  intoxicated  with 

^  The  same  test  for  iodine  in  iodic  salts  is  proposed  by  Sir  Haojiphry  Davy 
In  the  Philosophical  Transactions  for  1814. 

f  Anfong  the  different  series  of  experiments  alluded  to  in  this  memoir,  upoa 
irhich  Mfp.  Tennant  had  been  engaged  at  various  periods  of  bis  life,  but  wbicli  he 
had  not  brought  te  a  completion,  the  following  may  deserve  to  be  mentioned  :•— 

Researches  on  the  pigments  used  by  the  ancrents. 

Experiments  made  with  a  view  to  improve  the  glass  employed  in  the  construe- 
tion  of  achromatic  lenses. 

Experiments  un  the  refractive  powers  of  compound  bodies  compared  with^the 
refractive  powers  of  their  constituents. 

Mr.  Tennant  had  at  one  time  very  nearly  obtained  an  insight  into  the  wonderful 
class  of  phenomena  belonging  to  voltaic  electricity  ;  as  appears  from  the  following 
■extract  from  an  old  note-book,  in  which  there  is  no  date;  but  Mr.  T.  always 
spoke  of  the  experiment  as  having  been  made  many  years  since. 
■  *'  If  a  piece  of  silver  or  gold  is  immersed  in  a  solution  of  vitriol  of  copper, 
and  the  sMver  or  gold  is  touched  with  iron  or  zinc,  the  copper  is  diffused  upon 
them  around  the  point  of  contact ;  upon  platina,  not  so  easily  ;  the  iron,  though 
very  near,  occasions  no  precipitate  upon  the  silver  or  gold  j  btlt  if  inin  touches 
•fiver,  and  giWer  gold,  the  latter  gets  the  copper," 
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llie  novelty  of  the  sceuery,  the  abundance  of  the  counlry,  the 
bright  blue  sky  without  h  cloud,  and  the  broad  magnificent  roads, 
Tvilh  elms,  and  sooietimes  fruit-trees,  6n  each  side  for  fifty  miles.  I 
was  a  tittle  mortified  on  comjiaring  the  climate  with  our  own,  till  I 
observed  the  many  points  in  which  its  advantages  were  neglected ; 
open  fields  ;  harvest  not  finished,  as  in  England ;  corq  full  of 
weeds ;  and  oats  more  than  one-third  inferior  in  quality  to  my  own 
at  Mendip.  On  approaching  Paris,  the  vineyards  were  new  features 
of  this  superior  climate.  At  Paris,  what  strikes  one  most  is  the 
narrowness  of  the  streets ;  along  which  as  1  passed  1  was  in  constant 
expectation  of  getting  out  of  the  eternal  narrow  lanes.  Now  I  am 
(jyiie  reconciled  to  them. — The  backward  state  of  civilized  life  Is 
more  apparent  here  than  in  the  country.  You  are  siruck  with  the 
innpcrfeciion  of  every  thing,  and  the  mixture  of  dirt  and  meanoesi 
with  pomp  and  expence.  In  the  theatres,  (which,  however,  are 
quite  inferior  to  ours  in  size,  and  still  more  in  elegance,)  you  see  in 
the  passages  behind  the  boxes,  dirty  pavements  of  brick,  with  wide 
cracks ;  and  the  bo^es  are  opened  by  a  few  old  womeu,  who  are 
employed  during  the  intervals  in  knitting  or  mending  stockings. 
The  wtHnen  are  such  as  might  be  taken  from  a  field  in  England, 
where  they  would  be  employed  in  weeding." 

During  his  stay  in  France,  Mr.  Tennant,  in  the  months  of 
October  and  November,  made  a  tour  into  the  southern  provinces, 
which  he  bad  not  before  seen,  and  visited  Lyons,  Nisnies,  Avignon, 
Marseilles,  and  Montpcllier.  Me  was  much  gratified  by  this 
journey,  during  which  he  made  many  interesting  remarks  on  the 
state  of  the  country,  paying  particular  attention  to  mineralogy  and 
agriculture.  In  his  letters  written  about  this  time  he  describes  in 
striking  terms  the  feelings  of  enjoyment,  which  he  always  expe- 
rienced from  new  scenes  and  objects,  and  especially  from  viewing 
the  productions  of  Nature  in  southern  chmates.  Id  speaking  of  the 
range  of  mountains  from  whence  the  ^aone  takes  its  rise,  he  says, 
"  The  country  is  the  most  rich  and  picturesque  that  can  be  ima- 
gined ;  but  the  contrast  of  the  beggarj-  and  dirt  of  the  towns  and 
common  habitations  with  the  rich  vegetation  of  the  country  is 
universal,  with  the  exception  only  of  towns  of  the  first  rate,  I  am 
Mot  yet  sufficiently  at  home  in  the  political  economy  of  the  country 
to  say  on  what  this  depends.  In  part,  on  its  extreme  population. — 
After  passing  these  mountains,  a  new  world  appears,  marked  with 
the  characters  of  a  southern  climate.  The  race  of  people  is  different, 
with  finer  skins  than  in  the  North.  The  country  women  wear  im- 
mense hats,  to  defend  them  from  the  sun  ;  and  the  houses  (there 
being  no  snow)  have  low  pitched  roofe,  like  those  in  Poussin  and 
Claude  Lorraine.  Nothing  can  be  more  beautiful  tlian  this  style  of 
building,  which  continues  lo  the  Mediterranean. — Proceeding  south, 
vines  and  mulberries  chiefly  cover  the  ground ;  and  following  the 
Suone,  its  mountainous  hanks,  studded  with  country  houses,  almost 
buried  ia  the  rich  vegetation  o£ figs,  iDulberries,  vines,  fuadpomegra- 
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nates,  exceed  all  anticipation.  Suppose  the  scenery  of  the  hot  welb  at 
Bristol  extended  50  miles,  with  a  broader  rapid  river,  higher  moun* 
tains,  under  a  glowing  climate,  and  thickly  set  with  white  cottages, 
iateoded  to  be  copied  by  a  painter.  Nothing  is  so  fine  as  the  situa- 
tion of  L^ons,  and  the  views  into  the  paradisiacal  valley  from  the 
Bountains  on  each  side  of  the  town.  This  wonderful  scenery  coo-^ 
danet  along  the  Rhone  by  Vienne  (from  whence  comes  the  Coft6 
fotie  wine)  and  Tain  (from  whence  Hermitage)  till  yon  arrive  in 
Provence,  where  the  olive,  a  new  production  of  the  southern  cli- 
mates, begins  to  make  its  appearance.  Through  this  rich  garden  or 
forest  you  come  to  the  calcareous  mountains,  which  on  their  sum* 
aits  are  white  rocky  hills,  covered  with  wild  plants,  thyme,  rose- 
fliary,  lavender,  ilex,  quercus  coccifera,  and  innumerable  plants 
vnknown  in  our  latitude,  but  which  I  hope  to  raise  in  England  next 
jear,  to  renew  my  impressions  of  this  country.  These  mountains 
cncloae  the  valley  of  that  wonderfully  situated  imniense  town  of 
Marseilles.  As  you  descend,  the  Mediterranean  appears,  and  the 
great  city  with  its  endless  suburbs  in  the  hoUow  vallies  sloping 
towaida  the  sea.  ^  «  «  «  ]t  was  with  infinite  regret  that  I 
left  Marseilles^  if  I  could  stay  the  winter,  it  should  be  there. 
Avignon  is  pleasingly  situated 3  Nismes  has  fine  antiquities;  Mont- 
peilier  is  in  a  rich  and  plentiful  country ;  but  they  are  all  triste  and 
dead  compared  with  Marseilles,  where  every  attraction  is  united/' 

On  his  return  from  Montpellier  to  Paris,  he  writes,  while  stopping 
for  a  few  days  at  Lyons,  ^^  At  Montpellier  I  had  the  peculiar  advan-* 
lage  of  a  most  attentive  acquaintance  (M.  Berard),  who  is  one 
of  the  best  chemists  in  France.  The  country  aifords  few  such;  but 
he  was  brought  up  at  the  feet  of  Berthollet,  who  gave  me  a  letter 
to  him.  He  succeeded  to  the  chemical  works  of  "Chaptal,  which  are 
BOW  very  extensive,  and  carried  on  with  great  intelligence. — On  my 
letum  I  visited  the  great  Roman  aqueduct  of  the  Pont  du  Card,  so 
striking  for  its  antiquity,  its  altitude,  its  solidity,  and  the  very 
roDoantic  situation  where  it  passes  over  tlie  valley  and  river.  Pont  St. 
BipriC  is  hardly  less  interesting,  being  of  such  immense  extent 
(moRS  than  half  a  mile),  and  the  lowest  bridge  on  the  Rhone.  It 
was  built,  not  by  the  Romans,  but  in  the  darkest  ages  by  the  powen 
of  superstition,  the  great  principle  of  energy  and  exertion  at  that 
period.  In  1265  the  offerings  to  the  convent  of  St.  Esprit  were 
sufficient  for  this  undertaking,  and  were  thus  applied  by  the  monks^ 
with  honour  to  themselves,  and  with  great  advantage  to  a  remote 
posterity;  for  the  passage  over  it  is  immense  at  this  time. — I 
stopped  for  half  a  day  at  Tain,  from  whence  we  have  the  Hermitage 
wine.  Nothing  can  he  nK)re  beautiful  than  the  gold  colour  of  the 
'  vine-covered  hills/  nor  more  extraordinary  than  the  sand  or  gravel 
in  which  the  plant  grows.  There  is  not  a  particle  of  soil,  but 
merely  broken,  sharp  fragments  of  granite,  chiefiy  felspar,  per<^ 
fectly  clean ;  for  though  the  rootUb  of  the  vine  are  manured  once  a 
fear^  this  totally  disappears.    The  gravel  soil  is  supported  by  walls. 
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From  llie  top  are  seen  endless  mouniains,  wiiich  border  on  the 
KI)one,  and  wliJcli  along  tlie  slopes  lacing  the  south  are  yellow  with 
vines,  in  spite  of  the  eKtreme  barrenness  of  the  soil.  Such  moun- 
tains, wliich  are  here  among  the  most  vuluahle  parts  of  the  king- 
dom, would  not  in  England  be  worth  a  penny  an  acre. — From  Uiia 
place  (Lyons)  we  rode  the  oilier  day  inio  tiie  mountains  near 
Arbresle  to  see  a  new  copper-mine,  consisting  of  a  blue  carbonate; 
compared  with  which  the  i^pecimens  from  Siberia  are  quite  insigni- 
ficant.    *     »     «     * " 

Mr.  Tennant  returned  to  Paris  during  the  month  of  November, 
and  was  lo  have  returned  to  England  about  the  latter  end  of  the 
year.  But  he  continued  to  linger  on  till  February  following.  On 
■he  1 5th  of  that  montli  he  reached  Calais  ;  and  wrote  from  thence 
on  the  next  day,  to  aecoiiot  for  his  long  delays;  which  had  beea 
occasioned,  he  said,  "  by  iiis  postponing  the  disagreeable  escertion 
of  setting  off,  added  to  the  severe  weather,  and  the  odious  view  of 
the  ocean,  of  which  lie  had  so  great  a  horror,  that  it  darkened  the 
agreeable  prospect  of  meeting  his  friends  in  England." 

The  wind  liien  blew  directly  into  Calais  harbour,  and  continued 
to  he  unfavourable  for  several  days.  After  waiting  till  Monday,  the 
2t)th,  he  went  to  Boulogne,  in  company  wiih  Baron  Bulow,  a 
German  olliccr,  who  was  also  going  to  England,  in  order  to  take 
the  chance  of  a  better  passage  from  that  port.  They  embarked  oa 
board  a  vessel  on  the  morning  of  Feb.  22d;  but  the  wind  was  still 
adverse,  and  blew  so  violently  that  the  vessel  was  obliged  to  put 
back.  When  Mr,  Tennant  came  on  shore,  he  said,  "  (hat  it  waa 
in  vain  to  struggle  against  the  elements,  and  that  he  was  not  yet 
•tired  of  life." 

It  was  determined  that,  in  case  the  wind  should  abate,  another 
trial  was  to  be  made  in  the  evening.  During  the  interval,  Mr, 
Tennant  proposed  to  the  Barmi  that  they  should  hire  horses,  and 
take  a  ride.  Tiiey  rode  at  first  along- the  sea  side;  but  on  Mr. 
Tertnani's  suggestion,  they  went  afterwards  to  Buonaparte's  Pillar, 
which  stands  on  an  eminence  about  a  league  from  Boulogne,  and 
which,  having  been  to  see  it  the  day  before,  he  was  desirous  of 
■hewing  to  Baron  Bulow. 

On  their  return  from  thence,  tliey  deviated  a  tittle  from  the  road, 
in  order  lo  look  al  a  small  fort  near  the  pillar,  the  entrance  to  which 
was  over  a  Fosse  :;0  feet  deep.  On  the  side  towards  them  there  was 
a  standing  bridge  for  some  way,  till  it  joined  a  draw-bridge  which 
turned  upon  a  pivot.  The  end  next  to  the  fort  rested  on  tbo 
ground.  On  the  side  towards  lliem  it  was  usually  fastened  by  a 
bolt;  but  tiie  bolt  had  been  stolen  about  a  fortniglit  before,  and 
was  not  replaced. 

As  the  bridge  was  too  narrow  for  them  to  go  abreast,  the  Baron 
said  he  would  go  lirst,  and  attempted  lo  ride  over  it.  But  per- 
ceiving that  it  was  beginning  lo  sink,  he  made  an  effort  to  pass  the 
aaxue,  and  called  out  to  wara  his  coffifaaioii  of  the  daoger ;  but  H 
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VKM  too  late-^they  were  both  precipitated  into  the  trench..  The 
Baron^  though  ,much  stunned,  fortunately  escaped  without  any 
lerioas  hurt ;  but  on  recovering  his  senses,  and  looking  round  for 
Mr.  Tenuant,  he  found  him  lying  under  his  horse,  nearly  lifeless. 

He  was  6rst  conveyed  to  a  cottage,  inhabited  by  the  person  who 
bad  the  care  of  the  pillar ;  and  medical  assistance  being  procured 
from  Boulogne,  it  was  found  that  his  skull  and  one  of  his  arms 
were  dreadfblly  fractured,  and  that  there  was  no  hope  of  his  reco- 
very. He  was  taken,  however,  to  the  Civil  Hospital,  as  the  nearest 
and  most  convenient  place  to  receive  him.  After  a  short  interval, 
be  seemed  in  some  slight  degree  to  recover  his  senses,  and  made  aa 
tShrt  to  speak,  but  without  e£fect,  and  died  within  an  hour. — His 
JOemains  were  interred  a  few  days  afterwards  in  the  public  Cemetary 
tt  Boulogne,  being  attended  to  the  grave  by  most  of  the  English 
residents* 


Mr.  Tennant  was  tall  and  slender  in  his  person,  with  a  thin  face 
and  light  com|)lexion.  His  appearance,  notwithstanding  some  sin- 
gularity of  manners,  and  great  negligence  of  dress,  was  on  the 
whole  striking  and  agreeable.  His  countenance  in  early  life  had 
been  singularly  engaging  ;  and  at  fiavourable  times,  when  he  was  in 
good  spirits  and  tolerable  health,  was  still  very  pleasing.  The 
general  cast  of  his  features  was  expressive,  and  bore  strong  marks 
of  intelligence;  and  several  persons  have  been  struck  with  a  general 
resemblance  in  his  countenance  to  the  well-known  portraits  of 
Locke. 

The  leading  parts  of  his  moral  and  intellectual  character  are 
apparent  in  the  principal  transactions  of  his  life.  But  in  this  me* 
morial,  however  imperfect,  of  the  talents  and  virtues  of  so  extra- 
ordinary a  man,  some  attempt  must  be  made  to  delineate  tliose 
characteristic  peculiarities,  of  which  there  are  no  distinct  traces  in 
the  preceding  narrative. 

Of  his  intellectual  character,  the  distinguishing  and  fundamental 
principle  was  good  sense;  a  prompt  and  intuitive  perception  of 
truth,  both  upon  those  questions  in  which  certainty  is  attainable, 
and  those  which  must  be  determined  by  the  nicer  results  of  moral 
evidence.  In  quick  penetration,  united  with  soundness  and  accu- 
racy of  judgment,  he  was  perhaps  without  an  equal.  He  saw  im- 
mediately and  with  great  distinctness,  where  the  strength  of  an 
aigument  lay,  and  upon  what  points  the  decision  was  ultimately  ta 
depend;  and  he  was  remarkable  for  the  faculty  of  stating  the  merits 
of  an  obscure  and  complicated  question  very  shortly,  and  with 
great  simplicity  and  precision.  The  calmness  and  temper,  as  well 
as  the  singular  perspicuity,  which  he  displayed  on  such  occasions, 
were  alike  admirable ;  and  seldom  failed  to  convince  tb^  uop^^ 
judiced,  and  to  disconcert  or  silence  his  o])ponents.        .'•'' 

ITiese  powers  of  understanding  were  so  generally  ad> 
that  great  deference  Was  paid  to  his  authority,  not  only 
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tions  in  science,  but  upon  most  others  of  general  interest  and  im* 
portaiice.  What  Mr.  Tennuni  thought  or  said  upon  such  subjecfsv 
his  friends  were  alwnys  anxious  to  ascertain ;  and  his  opinions  lisd- 
that  species  of  influence  over  a  numerous  class  of  society  which  is 
One  uf  tlie  most  certain  proofs  of  superior  talents. 

Next  to  rectitude  of  understanding,  ilie  quality  by  which  he  vna 
most  distinguished,  was  a  lofty  and  powerful  imiigination.  Frora 
hence  resulted  a  great  expansion  of  mind,  and  sulilimiiy  of  con* 
(jeption ;  which,  being  united  with  deep  moral  feelings,  and  aa 
ardent  ze^il  for  the  happiness  and  improvement  of  mankind,  gave  I 
Very  preulittr  and  original  character  to  his  conversHtion  in  his  intef- 
eour^e  with  familiHr  friends.  He  partook  with  others  in  the  plea- 
sure deriied  lipiHn  the  striking  scenes  of  nature;  but  was  more  par- 
ticularly atfecied  by  the  sight  or  contemplation  of  the  triumphs  of 
human  genius,  of  the  energies  of  intelligent  and  successlul  in- 
dusiry,  of  the  difl'usion  of  knowledge  and  civilization,  and  of  what- 
ever was  new  and  heautiful  in  art  or  science.  The  cheerful  activity 
of  a  populous  town,  the  improvements  in  the  steam-engine,  the 
great  Galvanic  experiments,  and,  above  all,  the  novelty  and  esteat 
C)f  the  prospects  alforded  by  that  revolution  in  chemical  sciencfr 
which  has  illustrated  our  own  age  and  country— these  magniiiceDt 
objects,  when  presented  to  Mr.  Tennant's  mind,  excited  in  him 
the  liveliest  emotions,  and  called  forth  the  most  animated  expres-' 
»on9  of  admiration  and  delight. 

This  keen  sensibility  to  intellectual  pleasure  may  be  partly  under- 
stood, from  (he  following  passage  of  a  letter  written  by  him  in  January 
180<J,  to  an  intimate  friend  who  was  then  abroad.  After  mentioning 
die  great  phenomena  of  the  decomposition  of  the  alkalies  by  Voltaic 
electricity,  and  giving  a  general  view  of  the  experiments  founded 
upon  them,  he  thus  concludes:  "  I  need  not  say  how  prodigioui 
these  discoveries  are.  It  is  something  to  have  lived  lo  knoia 
ikem." 

His  taste  in  literature  and  the  fine  arts  partook,  in  a  considerable 
degree,  of  the  peculiar  character  of  his  imagination.  His  favourite 
writers  (those  wliom  he  most  valued  for  the  eloquence  of  their  style)" 
were  such  as  describe  "  high  actions  and  high  passions,"  and  have 
the  power  of  exciting  strong  and  deep  emotions.  Of  the  poets,  he 
principally  esteemed  Virgit,  Milton,  and  Gray;  and  the  prose 
writers  to  whom  he  gave  the  preference  for  powers  of  compositioa 
were  Pascal  and  Rousseau.  He  had  a  particular  admiration  of  the 
'*  Pensdes  de  Pascal,"  regarding  it  as  a  production  altogether  un- 
equalled in  energy  of  thought  and  language,  in  occasional  passages 
of  refined  and  deep  philo:iOphy,  and,  above  all,  in  that  sublime 
melancholy,  which  he  considered  as  one  of  the  peculiar  character- 
istics of  great  genius. 

The  same  principles  governed  Mr.  Tennant's  judgments  in  the 
fine  arts.  Considering  it  as  their  proper  office  to  elevate  the  mind, 
and  to  excite  the  higher  and  nobler  passions,  he  estimated  the 
ttieriis  of  the  great  masters  in  music  and  painting  by  their  power 


itf  HUtfMng  ihcM!  emotions'.  What-  He  particalarljr'  admired  in 
Burioai  composhibnt  was  that  tMe  of  eiaergy,  simplicity,  and'  d^jp 
ftrling,  of  which  the  works  of  Handel  and  Pergblesi  afford  the 
flaest  specimensi*^  In  painting  he  awarded  the  superiority  to  thosa^ 
dhtinguished  masters,  of  wliom  Raphael  is  the  chief^.  who  excel*  !&- 
tMe  poetical  expression  of  charectei^  and  in  the  power  of  reptesent* 
itog  with  spirit^  gracej  and  dignity,  the  must  ocalted  sentiments' 
aod^afltoions. 

It  was  almost  a  necessary  conseqne nee  of  his>  iriteii9e  atid"  deep- 
fceHng  of  these  higher  beauties,  tliat  his  taste  was^  somewhat  sev«^rei. 
and'tlutt  hiv  ideas  of  excellence,  both  in  literature  and' the  fhie  arts; 
were  confined  within  strict  limits  He  totally  dis^ef^:Hrded  fnedio*^ 
erity^  andl  gave  no  praiAC  to  those  iuferiur  degrees  of  meritj  from 
#hieh  he  received  no  gratification. 

In  consequence  principally  of  the  declining  statie  of  his  healthy 
l^tatents  for  conversation  were  perhaps  less  uniformlv  conspictiou^ 
dhning  his*  latter  years.  Hiss|Nrits  were  less  elastic,  ana  he  was  more 
saUect  to  absence  or  indifference  in  general  society.  But  his  mind 
fasd'  lost  none  of  it^it  vigour ;  and  he  never  failed,  when  he  exerted 
ftunself,  to  display  his  peculiar  powers.  His  remarks  were  oripnal; 
md  his  knowledge,  assisted  by  a  most  retentive  memory^  afforded 
tperpetual  supply  of  ingenious  and  well-applied  illustrations.  But 
mr  quality  fbr  which  his  conversation  was  most  rentarkable,  and 
horn  which  it  derived  one  of  its  peculiar  charms,  was  a  singular 
ittt  of  humour,  which^  as  it  was  of  a  gentle,  equable  kind;  sind 
had  nothing  very  pointed  or  prominent,  is  hardly  capable  of  being 
ctemplified  or  described.  It  seldom  appeared  in  the  direct  shape 
(0f  what  may  be  called  pure  humour,  but  was  so  niuch  blei idled 
dther  with  wit,  fancy,  or  hb  own  peculiar  clunai*ter,  as  to  be  in 
IBMly  respects  entinely  original.    It  did  not  consist  in  epigrammbtio 

Eints,  or  brilliant  and  lively  sallies;  but  was  rather  displayed  in 
leifbl  trains  of  imagery,  in  natural,  but  ingenious  and  unex« 
pieeted^  turns*  of  thought  and  expressioo,  and  in  amusing  aneo^ 
doties,  8%htly  tinged  with  die  ludicrous.  The  effect  of  these  war 
iduch  heightened'  by  a-  perfect  gravity  of  eountenance,  a  quiet 
Jbniliar  manner,  and  a  characteristic  beauty  and  simplicity  of  lan« 
gtage.  This  unassuming  tone  of  easy  pleasantry  gave  a:  very  pecii<^ 
Bar  and  characteristic  cohering  to  the  whole  erf  nis  conversation* 
It  mingled' itself  with  his  casud  remarks,  and  even  with  his  graver 
tftcussiona.  It  had  little  reference  to  the  ordinary  topics  ^  thd 
day,  and  was  wholly  untinctured  by  personality  or  sarcasm. 

It  should  be  mentioned,  among  the  peculmrhies  of  Mn  Ten- 
nant's  literary  liiste,  that  in  eommon  perhaps  with  most  other 

f  la  Mr.  TcifMniff  cooTerratioM  on  thit  subject,  he  often  allndM'to  a  remarfe; 
iftl«pMsae«  in  Ro«iMii*t  Hnslcal  tMctionary  (the  article  «*  GSiiie^'*)  in  whifb  that 
i^ebnUed  writer  deatribcs  witb  his  own  peculiar  eloquence  the  fceHno  priNiitced 
by  creat  mMfcal  compositlom,  consldi^riug  the  capacity  of  receiving;  tiuch  emotions 
M  the  trae  criterion  of  miitical  renins.  ^1r.  T.  wa-  also  accustomed  to  ipeak  af 
▲viiM^i  Xkwtiiaon  Muieai  fixprcnion  In  ternf  of  hig^  ptaiiA. 
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original  thinkers,  he  bestowed  little  attetilion  on  books  of  opinion, 
or  theory  ;  but  chiefly  confined  hlmselt'  to  such  as  abound  in  facts, 
and  afford  the  materials  for  speculation.  His  reading  for  inanjr 
years  had  been  principally  directed  to  accounts  of  voyages  and 
travels,  especially  those  relating  to  Oriental  nations ;  and  there  was 
no  bnok  of  this  deseription,  possessing  even  tolerable  merit,  with 
which  he  was  not  familiarly  conversant.  His  acquaintance  with 
such  works  had  supplied  him  with  a  great  fond  of  original  and 
curious  information,  which  he  employed  witli  much  judgment  and 
ingenuity,  in  exemplifying  many  of  his  particular  opinions,  and 
illustrating  the  most  important  doctrines  in  the  philosophy  of  com- 
flicrce  and  government. 

Of  his  leading  practical  opinions,  sufficient  intimations  have  been, 
given  in  the  course  of  the  preceding  narrative.  They  were  of  a, 
liberal  and  enlightened  cast,  and  such  as  might  be  expected  from 
the  character  of  his  genius  and  understanding.  Among  them  must 
be  particularly  mentioned  an  ardent,  but  rational,  zeal  for  civil 
liberty ;  which  was  not,  in  him,  a  mere  effusion  of  generous  feeling, 
but  the  result  of  deep  reflection  and  enlarged  philosophic  views. 
His  attachment  to  the  general  principles  of  freedom  originated 
from  his  strong  conviction  of  their  influence  in  promoting  the 
wealth  and  happiness  of  nations.  A  due  regard  to  these  principles 
he  considered  as  the  only  solid  foundation  of  the  most  important 
blessings  of  social  life,  and  as  the  peculiar  cause  of  that  distin- 
guished superiority,  which  our  own  country  so  happily  enjoys  among 
the  nations  of  Europe. 

Of  his  moral  quaUties,  it  is  scarcely  passible  to  speak  too  highly. 
He  described  himself  as  naturally  passionate  and  irascible,  and  as 
roused  to  indignation  by  any  act  of  oppression  or  wanton  exercise  of 
power.  The  latter  feeling  he  always  retained,  and  it  formed  a  dis- 
tinguishing feature  of  his  character.  Of  his  irritability,  a  few  traces 
might  occasionally  be  discovered;  but  they  were  only  slight  and 
momentary.  His  virtuous  dispositions  appeared  on  every  occasion, 
and  in  every  form,  which  the  tranquil  and  retired  habits  of  his  life 
would  admit  of.  He  had  a  high  sense  of  honour  and  duly ;  and 
was  remarkable  for  benevolence  and  kindness,  especially  towards  his 
ijiferiors  and  dependents.  3ut  his  merits  were  most  conspicuous  ia 
the  intercourse  of  social  life.  His  amiable  temper,  and  unatfecled 
desite  of  giving  pleasure,  no  less  than  his  superior  knowledge  and 
talentSj  had  lendered  him  highly  acceptable  lo  a  numerous  and  dis- 
tinguished circle  of  society,  by  whom  he  was  justly  valued,  and  is 
jiow  most  sincerely  lamenied.  But  the  real  extent  of  his  private 
worth,  the  genuine  simplicity  and  virtuous  independence  of  his  cha- 
racter, and  the  sincerity,  warmth,  and  constancy  of  his  friendship, 
C,^  only  be  fett  and  estimated  by  those,  to  whom  he  was  long  and 
inliEDntely  known,  and  to  whom  the  recollection  of  his  talents  and 
tirtun  must  always  remain  a  pleaeing,  though  melancholy,  Irand  of 
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Ob^rvaiions  on  Crysfallization.    By  John  Redman  Coxe,  MrD. 

Professor  of  Chemistry^  Pbiladelphia. 

i  The  efficacy  of  temperature  in  augmenting  the  solvent  power  of 
UquidB  is  laid  down  by  most  chemical  writers*  This  is  more  e^- 
cially  the  case.with  the  class  of  salts;  to  which,  however,  some 
txceptioDS  occiir^  as  in  muriate  of  soda,  which  is  nearly  equally 
soluble  in  boiling  water^  and  in  water  at  the  common  atmospheric 
Temperature,  T^ere  is^  nevertheless,  something  as  yet  not  well 
andentood,  that  appears  to  me  operative  in  such  cases,  independent 
tntirely  of  temperature,  even  in  the  instances  of  our  most  soluble 
iaks^  as  Glauber's,  or  the  sulphate  of  soda  and  some  others. 
1  It  is  almost  universally  asserted  by  authors  on  the  subject,  that 
atmospheric  pressure  is  essential  to  the  crystallization  of  ^ts ;  and 
ihe,  proof  advanced  is,  that  if  a  phial,  nearly  filled  with  a  boiling 
nturaUd  solution  of  Glauber's  salt,  be  closely  corked  whilst  fiUra 
yitb  vapour,  so  as  to  exclude  the  atmospheric  pressure ;  this  sblu- 
iiou  will  remaiu,  even  when  cold,  perfectly  fluid,  and  may  be 
shaken  without  becoming  solid  :  but  if  the  cork  be  wit)idrawn,  the 
sudden  impulse,  from  the  air  rushing  into  the  phial,  immediately 
induces  the  crystallization  of  the  mass,  with  a  sensible  evolution  <rf 
heat. 

:  Now  this,  beautiful  and  interesting  experiment,  which  is  usually 
ihown  in  every  course  of  chemical  lectures,  certainly  at  first  sight 
appeuca  to  prove  the  position  advanced.  There  are,  however,  nu« 
^rous  objections  to  its  truth  ;  yet  so  numerous  are  the  anomalies 
that  present  themselves  in  experimenting  upon  this  subject,  that  I 
tm. unable  to  form  any  theory  or  speculation  on  tlieir  causes. 
..  .1.  If  the  above  position  were  true,  then  certainly,  by  a  parity  of 
leasoning,  we  should  expect  every  other  saline  solution,  in  which  a 
boiling  heat  is  employed  to  promote  its  fullest  state  of  saturation,  to 
^be.aBrected  in  a  similar  way ;  but  this  is  pot  the  case  as  far  as  I  have 
tried  it.  Nitrate  of  potash  and  muriate  of  ammonia,  both  nearly 
4a  soluble  as  Glauber's  salt,  when  secured  from  atmospheric  pres- 
^suref  by  corking  the  phial,  or  tying  a  bladder  over  the  mouth,  pre^* 
;cipitate  in  regular  crystals  as  the  solution  cools.  This  fiact  alone  is 
sufiicient  to  overturn  the  theory  advanced  to  explain  the  case  stated 
of  the  Glauber's  salt  ;-«-but, 

-  2.  A  perfectly  saturated  solution  of  Glauber's  salt,  thus  carefully 
xorked  at  a  boiling  heat,  has  repeatedly  crystallized  throughout, 
without  any  exposure  to  the  atmospheric  pressure ;  whilst  a  solution 
of  equal  strength,  and  prepared  and  secured  in  every  respect  as  the 
former,  has,  whilst  standitig  beside  ft,  remained  perfectly  fluid.' ' 
3.  Saturated  solutions  of  salts  as  above,  uncorked^  eviuce  tib^ 
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same  results.  I  have  kept  some  vesjels  thus  exposed  to  the  full 
Stniospliei ic  pressure  fqr  three  days,  wiihout  aay  cun^ulidatiun;  and 
others,  during  all  the  iiiieniiediate  [ieriods,  uiih  similar  results. 
Sometimes  one  or  more  will  cTy^tullize,  whilst  uihtrs  ciiiiiiiiue  fluid. 
I  have  made  these  eKperinicnts  in  phials  holding  fi-um  two  drschnis 
to  16  ounces  ;  in  receivers  of  a  glohuhr  and  oval  Eha)>e,  from  half 
a  pint  10  half  a  gHlIon ;  some  with  short,  atid  others  with  lung 
necks ;  and  in  open  g1a%s  jars  of  one  to  t)vD  inches  diameter,  and 
eight  or  nine  long  ;  so  that  thefi/rin  of  the  vessel  tn  no  «-ay  appesM 
to  influeiiL-e  tlie  result.  Nor  has  the  qunntUy  of  solutiun  in  the 
vessel  any  influenie,  sinoe  it  is  the  same  wh^n  filled  to  the  top,  or 
ivlien  only  filled  to  une-tbunh  or  one-filth  part.  The  result  was  tbe 
•ame  when  1  employed  the  common  tilauber's  salts  of  the  shap^ 
the  naliift,  ur  the  artffiiial,  made  hy  the  direct  combination  of  tnc 
constiiuenis.  In  one  experimeni  made  with  the  artificial  sulphate 
I  filled  three  equal  phials,  two  were  eloeely  corked,  the  third  te- 
nained  open,  and  all  were  placed  heside  each  other  to  cool.  In 
.four  houf^  one  of  tbe  corAfs  solutions  was  regularly  crystallized  is 
■olid  transparent  crys(aL«,  one-fifth  only  of  (he  ma^^  being  in  a  liqiud 
State,  which  did  not  consolidate  by  shaking,  or  hy  withdrawingtbe 
.cupk.  The  gontenis  of  the  other  corked,  and  of  the  niicorki.'d  phial, 
both  continued  fluid ;  and  both  becurae  solid  by  shaking,  without 
wltbdruwingtlie  curk  of  the  closed  one. 

4.  Sohilions  as  alwve,  after  remaining  exposed,  ^Ve  even  not 
crystal  I  iiced  when  bri>l4ly  shaken,  and  some  time  afterwards  without 
any  apparent  cause,  have  assumed  the  solid  form. 

5.  &ilutioni  as  above,  and  closely  secured,  have  failed  to  become 
solid,  when  the  cork  has  been  drawn,  or  the  bladder  punctured,  far 
come  moments,  and  even  minutes;  and  in  a  few  cases  when  even 
agilaiion  was  employed  in  addition:  and  these,  in  like  msnner, 
when  Uast  expected,  have  suddenly  crystalliEed. 

6.  Sitluiiuns  as  above,  both  co''^'' and  uncor^eij,  have  fraduaHgr 
tieposited  regular  trnmpnrevt  Jifm  crystals,"  in  some  instances  two 
inches  in  lengih  ;  in  others,  \a  irregular  masses,  at  the  hottom  at 
the  vessel — ilie  fluid  above,  in  these  casef!,  continuing  dear  and 
saturated;  and  when  shaken,  sometimes  consolidating  in  the  ueuHl 
way. 

7.  Solutions  as  above,  both  corked  and  uncorked,  after  thus  depo- 
siting these  reg^ulnr  cfystuls  at  tbe  bottom,  have,  without  an  appa- 
rent cause,  become  consolidated  above  them,  wbtlgt  remaining 
untouched. 

8.  Solutions  as  above  (■'specially  in  a  mattrass  with  a  neck  nearly 
two  feet  lung),  have,  after  ci  inside  table  expwure  and  frequent  agita- 
tion>  let'uscd  lo  crystallizej  even  altliough  continued  at  intervals  for 


•  The  cr>i(ata  whirh  foriq  ndimbi  ip  th«a«  loTuliana  are  tXvayi  a(  a  fnfl, 
spongj,  '■i"i>,  Mriated,  Bj)praran<;e;  and  do  n.il  rxhibil  the  firm,  Itaospotcnt, 
-'^'tcijrf  ippeftraDcc  of  the  coBuaoa  crjslalj  of  Glauber'*  salt. 
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vpra  thfin  tn^houri  yet  by  thea  iuming  the  vessc^^  to  as  to  pour 
ant  a  little  from  the  neck,  the  .ery»taUi»tioQ  ha»  immediateLy  oc-^ 
aHrrcd. 

.  .9*  The  same  solution  in  the  roattrass  above  inentioned  has  fre* 
quently  become  completely  crystallized  when  left  uncoiked;  aft 
•tber  times  a  large  mast,  equal  to  half  the  volume  of  the  solution, 
Jifn  crystallized  regularly,  in  l^rd  transparent  crystals,  the  remainder 
if  the  scdution  continuiug  fluid. 

V  10.  iNiturated  mixed  solutions  of  nitre  and  Glauhw's  aalt,  corked 
(lloaely,  have  allonred  the  nitre  to  crystallize  regularly  at  the  bottom; 
whilst  the  Gkiiber'4  salt  remained  fluid,  and  on  drawing  the  cork 
tpQoame  solid  m  the  usual  way. 

.41.  Solutionif,  by  190  tfufuns  «al2/r0/i?<f,  evince  similar  results  with 
dsa  above  fully  saturated  ones,  althcHigh  aot  in  so  strongly  marked  a 
IMinner. 

.  .12.  One  of  the  most  singular  and  interesting  facts  connected  with 
Aeae  oiperiments  is,  that  m  those  cases  in  which  (either  in  tha 
^^fhd  or  mcork&i  solutions)  regular,  firm,  irampatent  crystals 
bna^  8o  sopn  113  the  residmry  saturated  solution  above  them  S'olidU 
{01,  either  spontaneously,  or  by  shaking,  drawing  the  cork»  &c*  aa 
immediate  (or  nearly  so)  opalescence,  or  loss  of  transparency,  ensues 
in  x\iost  first  farmed  crystals,  which  gradually  increases  to  a  beau* 
lifiil  ^rcelainous  whiteness.  This  I  have  almost  invariably  noticed 
Wder  the. above  eircumstanees :  I  believe  it  arises  from  the  gradual 
^traction  of  the  water  of  crystallization  of  the  first  formed  regular 
eij9itals,  by  the  mass  of  secondary  crystals ;  for  in  one  experiment 
9Mde,  I  found  the  porcelaioous  mass,  when  dissolved  in  water,  and 
angularly  recryatallized.,  afibrded  a  quantity  of  transparent  crystals, 
ffipericr  in  wtisht  to  those  I  employed,  which  could  only  arise  from 
^ir  re-obtainmg  tlieir  thus  lost  water  of  crystallization.  How  the 
faoondary  crystals  operate  in  withdrawing  this  water  from  the  first, 
lieannoc  form  the  roost  dbtantidea^ 

13.  In  those  solutions  in  which  spontaneous  crystals  have  formed^ 
in  the  course  of  a  few  days,  if  the  secondary  crystallization  does  not 
take  place,  a  complete  truncation  of  the  summits  of  the  crystals 
nccun^  gradually  forming  a  level  of  the  whole,  as  in  common 
cases ;  yet  in  several  instances  the  solution  above  was  sufficiently 
aktiirated  to  consolidate  when  shaken. 

14.  In  one  experiment  two  equal  sized  phials  were  filled  to  the 
A>p  with  saturated  solutions;  one  was  corked,  the  other  was  left 
•open :  in  two  hours  the  uneoiked  one  had  consolidated ;  the  other 
was  observed  to  have  contracted  above  one-fourth  of  an  inch,  and 
continued  fluid ;  it  crystalli^^ed,  however,  as  usual,  when  briskly 
ikaken,  without  withdrawing  the  cork. 

It  should  perhaps  be  mentioned,  that  this  suddeti  crystallization 
always  commences  at  the  sur&ce, 

I  have  put  the  solutions,  both  corked  and  uncorked,  into  cold 
ilpatvr,  as  soon  as  made,  in  order  to  expedite  their  cooling,  and 

<ba«e  isMuad  the  same  results  genenlly  ^  >¥h(eu  ^wttus.^  V)  csak^  ^gpr 
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dually.  The  solutinD  in  open  phiaU  has  sometimes  cooled  down  to 
the  tentperatuFi:  of  the  co)d  water  {about  40°),  and  has  then  re- 
mained fluid  in  it  for  two  or  three  hours;  it  has  then  sometimes 
crystallized  in  the  soft  spongy  mass;  at  others  iti  firm,  well  formed 
regular  crystals. 

.  15.  Four  or  five  phials  have  burst  in  which  spontaneous  regular 
crystals  had  formed,  and  over  wliich  subsequenily  a  sudden  consoli- 
dation of  ii)e  residuary  solution  had  taken  place,  after  the  change 
of  colour  was  effected  in  the  first  crystals  (as  mentioned  in  No.  12), 
but  whether  from  an  citpausion  in  the  first  or  second  crystals,  1 
know  not,  as  1  was  never  present  when  this  occurred.*  I  have 
never  seen  this  fracture  of  the  phial  when  only  the  regular  crystals 
had  formed,  nor  when  ohIj/  the  spontaneous  solidification  took 
place.  It  is  probably,  therefore,  somehow  connected  with  the  ab- 
straction of  (he  water  of  crystallization  from  the  regular  by  the 
spontaneous  spongy  mass.  In  the  above  instances  the  cr)'stats  which 
liad  formed  regularly  were  perfectly  white,  and  were  readily  sepa- 
rated from  the  superior  spongy  ones  by  a  little  water  gently  poured 
over  them,  leaving  them  of  the  most  perfect  regularity,  and  forming 
a  beautiful  white  crystalline  preparation  easily  preserved,  and  not 
efBorcscent,  as  in  common  cases. 

■  In  all  the  cases  thus  enunieralcd,  such  are  the  aoomaliea  pre- 
sented as  to  prevent  my  drawing  one  conclusion  from  ihcm  which 
could  give  me  any  insight  into  the  causes  that  produce  them.  In 
some  cases  atmospheric  pressure  seems  to  o[)erate,  in  others  not ; 
agitation  sometimes,  but  not  invariably.  The  whole  series  of  ex- 
periments is  so  interesting,  I  trust  this  account  may  lead  to  further 
investigation,  which  may  finally  sfibrd  an  explanation,  and  possibly 
lead  to  new  views  on  the  subject  of  crystallization  generally.  I  can 
only  add,  that  I  never  could  promise  myself,  a  piiori,  that  any  one 
case  should  certainly  turn  out  as  I  expected  ;  it  appeared  a  matter 
of  chance  in  a  great  degree,  whether  this  or  the  other  result  should 
ensue.  \ 

*  I  apprehend  it  rnnat  DC 
linn  from  the  primary  b;  tJi 
currctpandeDt  eipaiuion. 

+  Id  speaking  of  the  effect  of  atmosptacric  pressure,  on  ^aturalod  solptionii  of 
salli.  Dr.  Higgins  details  an  experiinpni  whicb  he  made  in  a  nnrrow-neoked  glasi 
iPHllrBts  of  three  gallons  dimensions,  tl  was  fixed  in  a  vestei  filled  wilh  a  eatu- 
laled  lolDtlon  of  aea  salt;  a  solution  of  144  oz.  of  Glauber'*  salt)  in  96  ox.  of 
water,  in  a  sepaiale  vessel,  was  filtered  into  the  mattrois,  whicli  wai  filled  two. 
thirds  by  i(,  nnd  Ihp  whole  was  made  to  hoU  so  aa  to  exclude  ihe  air  by  Ibc  lapour 
formed .  A  strip  of  wel  bladder  seen ri^d  Ihemoiuh  of  (be  matlrass,  and  sustaiHed 
the  atmospheric  prnsurf. 

Two  muilrasses  were  thus  prepared;  Ihcy  slood  three  days  at  a  lempecalnre  be- 

reea  40°  and  50°,  and  were  orieii  sliaken  wilhouL  crysiallizlDg  ;  as  soon  as  the 

bladder  was  cut  n  few  small  conrentrir  spicnlar  cryalals  formed,  and  thot  rapidly 

i^h  the  liquor  till  it  was  almost  solid  i  Ihe  caloric  pTolved,  raised  the  tempera- 

fran  60°  to  90°,  and  in  one  eiperlmenl  from  40°  la  90°. 

Fnim  (bis  experiment  ei'onecled   with  these  above  detailed,  as  alto  from  maay 

-well-knnnn  fact*.  I  am  imp-^lled  to  deny  Ihe  ptrfcclloa  of  Dr.  Blart'i  celcbralcd 

-tb^fi^  ef  latent  boat.     11  will  be  dbserted  thai  boiling  sniurated  solulions  •f 
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:  I  hare  tried  similar  experiments  ^ith  other  salts^  of  which  i 
tball  barely  state  the  ontlines. 

•-'1.  Sulphate  of  Magnesia. — Boiling  saturated  solutions  of  this 
nit,  corked  and  uncorked,  like  the  bNsfore-mentioned  ones,  some- 
times crystallize,  and  sometimes  continue  fluid,  I  have  never  ob- 
served the  beautiful  satin-like  crystallization  perceptible  in  the  sul- 
phate of  soda ;  but  the  crystals  fall  down  in  minute  grains,  like  sand, 
fliffused  through  the  solution,  gradually  sinking  to  the  bottom. 

2.  Aluniy  as  above. — Crystals  formed  at  the  bottom;  the  re- 
mainder continued  fluid,  even  when  shaken  ;  when  the  cork  was 
withdrawn,  shaking  produced  no  effect  for  nearly  a  minute,  when 
the  same  sand-like  precipitation  ensued,  commencing  from  the  top. 
When  this  ceased,  it  appeared  nearly  solid ;  but  by  standing  for  24 
hours^  more  than  one-half  was  fluid. 

'  5.  Sulphate  of  Iron  exhibited  an  appearance  nearly  similar-  to 
that  of  alum. 

.  .4.  Sulphate  of  Copper, — ^The  same,  with  some  occasional  varia- 
tion, even  in  the  same  solution. 

5.  Sulphate  of  Zinc  remained  fluid  for  24  hours,  although  a 
boiling  saturated  solution  was  employed,  and  frequent  agitation. 

6.  SubcarloTiate  of  Soda  (sal  sodse)  boiling  and  saturated.  In  one 
case  {corked)  it  became  nearly  soUd  when  cold,  from  the  spontane- 
ous -  crystallization.  The  same  solution  subsequently  deposited, 
whilst  corked,  a  smaller  quantity  of  spontaneous  crystals ;  and  after 
drawing  the  cork  and  shaking,  small  granular  crystals  speedily 
clouded  the  solution.     The  same  resulted  in  uncorked  solutions. 

7*  Muriate  of  Lime,  saturated  and  boiling,  crystallized,  whM 
torked,  completely  throughout:  subsequently,  dissolved  by  heat 
again,  and  corked,  it  remained  fluid,  until  shaken  without  uncorking, 
wnen  a  crystallization  as  beautiful,  and  nearly  resembling  that  of 
sulphate  of  soda,  took  place,  with  an  extrication  of  more  caloric 
than  in  any  of  the  preceding  cases. 

■  8.  Muriate  of  Ammonia,  corked  and  uncorked ;  -boiling  saturated 
solutions  became  solid  as  they  cooled,  with  a  firm  crystallization. 

9.  Nitre  deposits  regular  crystals  at  the  bottom,  both  in  corked 
and  uncorked  phials ;  but  I  never  perceived  any  further  result,  ex- 
cept by  the  slow  evaporation  of  the  fluid. 

I  have  tried  a  number  of  other  salts,  but  the  results  are  not  worth 

Glanber^g  salts  have  repeatedly  refased  to  crystallize,  even  when  exposed  to  4he 
foU  pressure  of  the  air,  and  that  for  days.  Now  it  is  to  be  remembered  that  such 
•folvtipns  had  cooled  from  at  least  21 2*^  io  near  the  frecEing  point,  and  yet  were 
cobbled  to  hold  that  portion  of  salt  in  solution,  which  our  theories  presume  to  do. 
pend  on  the  additional  temperature.  What  was  it  that  thus  enabled  the  water  to 
.naintain  its  fluidity  and  transparency,  although  charged  with  such  a  quantity  of 
toli4  matter,  in  opposition  to  atmospheric  pressure  and  a  diminished  temperature 
of  at  least  150*  P  Can  it  possibly  liave  depended  on  a  quantity  of  latent  heat  only 
equal  in  the  above  experiment  of  Dr.  Higgins  to  50"  ?  And  is  not  the  fact  that 
water  itself  has  been  cooled  down  to  SO"  or  25°  below  the  freezing  point  without 
congealing,  evidence  that  something  more  than  a  certain  quantum  of  latent  beat  is 
^essential  to  the  fluidity  of  water,  &c.  Other  objections  to  this  tbeo^  ^^^kkqx 
tlMm$«lTe8,*  but  this  is  not  the  place  fbr  comtdennf;  \\ieia.   '  .  ■     .  * 
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fep««tKig  Bt  pr«&ent,  as  I  have  not  extended  my  eKperlmeots  oa 
them  sufficiently. 

it'  what  i  have  stated  should  be  sufficiently  interesting,  and  st 
the  «aine  time  compatible  wiih  the  nature  of  youf  publicalioDj  I  wlU 
thank  you  lo  give  it  an  inserUon. 
e^lmittfAia,  JMla  S7,  1814. 
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Article  III. 

Expenmenti  on  the  Dravght  n/"  Carriages. 
By  R.  h.  ECgewonh,  £sq. 


1 


Mr.  Biyan  presented  the  following  Report  from  the  Committee  «f 
Mechanics  and  Natural  Philosophy  of  the  Dublin  Society : — 

Mepoft  f>S  the  Commillee  nf  Mechanics  and  NalurtU  Philosophy  of 
the  Dublin  Society. 

On  Saturday,  the  2Jd  of  April,  your  Committee  attended  ia  the 

Eird  uf  Leinsier  House,  when  the  following  experiments  weie  pub? 
cly  made  by  Mr.  i^dgcworth ; — 

ExperiTttent  I. 

Two  furniture  oarrs  were  placed  at  one  end  of  the  yard,  whi^ 
was  paved  in  ihc  ordinary  manner.  They  were  both  constructed 
upon  gra>^shoppcr  springs ;  one  of  them  was  painted  yellow,  itw 
Other  green. 

These  carriages  were  pulled  forward  by  the  apparatus  invented  by 
iir,  Edgewonh,  which  consists  of  a  two-wheeled  carriage,  drawn 
ty  one  or  two  horses,  upon  which  a  wheel  or  pully,  of  nearly  eight 
$Kt  diameter,  is  so  placed  as  lo  turn  freely  in  an  Ivorizontal  diiec- 
tion.  A  rope,  parsing  round  this  wheel  or  puUcy,  is  uilaclied  by  its 
cods  to  the  carriages  that  are  lo  be  compared  ;  and,  as  the  apparatus 
_J5  drawn  forward,  ihe  two  carriages  must  follow,  and  that  whicJi 
goes  the  easiest  will  get  furemost. 

This  apparatus  was  drawn  at  a  moderate  pace  by  two  horses,  and 
that  carnage  which  mn  the  lightest  and  easiest  was  loaded  till  the 
Mher  kept  pace  with  it. 

Five  cwt.  was  then  placed  upon  each. 

The  springs  of  the  yellow  carriage  were  prevented  from  acting  fey 
.blocks  of  wood  interposed  between  the  springs  and  the  body  of  the 
CBniage.  The  green  CHrriage,  the  springs  of  which  were  allowed 
to  act,  was  now  loaded  with  1^  cwt.  additional  weight,  making  a 
toial  of  a^  cwt. ;  and  the  grein  carriage  so  loaded  was  found  to  gel 
]>efoTe  ilie  yellow  carriage,  the  weight  on  which  amounted  to  only 
H  cwt, 

£/  this  esperimeat  it  appeared  that  the  carriage  upon  springs 


^ 
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in  ad«Mlig«  4Mrar  that  withMt  qvings  of  oae^ifovrth  cf^  ^  Irdghl 
that  was  laid  upon  it. 

Two  post-chaises,  weighing  each  12  cwt.  7  lb.  one  -of  tliea 
painted  black,  the  other  white,  were  next  compared ;  the  perch  of 
the  black  one  was  moveable^  so  that  it  could  be  lengthened  or 
shortened  at  pleasure. 

When  their  perches  were  of  equal  length,  viz.  ^f  seven  leet  sis 
inches,  the  carriages  were  compared  previous  to  these  experimeots^ 
and  their  draft  was  equalized  by  ao  addition  of  weight  to  that  wbiok 
tan  the  lightest. 

The  perch  of  (be  .black  carriage  wis  now  lengthened  to  ten  feet 
three  inches.    The  carriages  were  each  cS  th^m  loaded  with  2  cwt. 

They  now  nearly  kept  pace  with  each  other,  the  one  with  the 
iang  perch  appearing  to  have  rather  the  advantage. 

Experiment   HL 

The  load,  which  in  the  former  experiments  was  placed  in  the 
bottom  of  the  white  carriage,  .was  now  placed  in  an  imperial  on  the 
top.  The  removal  of  fhe  weight  four  feet  higher  from  the  ground 
did  not  promote  the  progress  sS  the  jcarriage^  which  did  not  yet 
keep  pace  with  the  blade  carriage. 

Experimeni   IF. 

-Two  similar  Scotch  drays,  one  of  them  painted  i>lue,  and  the 
efher  red,  were  now  compared.  They  had  been  brought  to  an 
itqaal  weight ;  and  the  blue  carriage  was  supported  upon  woodrt' 

S rings,  consisting  of  two  pieces  of  elastic  timber,  connected  with 
e  bottom  of  the  dray  by  iron  shackles ;  each  dray  was  loaded  vnth 
Vewt. 

The  (blue)  dray  upon  springs  had  now  a  weight  of  l-J-cwt.  plaoed 
«pon  it.  With  this  additional  weight,  however,  it  got  before  the 
^Ivd)  dray  which  had  no  springs. 

From  this  experiment,  the  application  of  wooden  springs  toeaili 
tipon  pavements,  or  upon  ordinary  roads,  appears  to  have  an  ad^ 
^vantage  in  the  proportion  of  7-i>  to  ^.  it  must  be  observed,  that  a 
perfect  coincidence  of  draft  could  not  be  obtained ;  because  the 
"Carriages  to  be  compared  rolled  upon  different  tracts  of  the  pave* 
Vient,  so  that  the  smallest  inequeJity  of  the  roads  must  have  made 
tome  drflerence  in  the  relative  progress  of  the  carriages ;  but  to 
make  as  fair  a  comparison  as  possible  between  their  drafts  respect* 
)vdy,  that  carriagie  which  was  placed  on  the  northern  track,  as  the 
learriages  went  from  east  to  west, '  was  in  its  jretum  placed  on  the 
eouthem  track. 

Some  small  variation  of  the  draft  might  be  occasioned  by  the 
•(elasticity  of  the  long  perch,  and  some  by  the  vibratory  motion  of 
the  fore  carriage,  which  was  drawn*  by  a  single  rope.  But  to  those 
conversant  wita  ihe  aii^ect^  these  flight «  '  veie  but  id  Uttle 

ttofflent# 
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;  Tlie  result  of  these  esperimenis  fully  proce,  in  the  opiaion  of 
this  Committee, 

That  the  apparatus  invented  by  Mr.  Edgeworth  is  adequate  to  the 
purpose  for  which  it  is  intended  : 

Thai  it  may  be  considered  as  a  sure  eriterion  of  the  relative  draft 
of  carriages : 

That  very  short  perches  do  not  contribute  to  the  ease  of  drafts : 

That  the  daogerous  system  of  loading  the  tops  of  carriages  is  by 
ho  means  advaniageouii, 

'  Signatures  to  the  Report  of  the  Committee  respecting  Mr. 
'  Edgeworth's  experiments : — R.  B.  Bryan,  Charles  Cobbs  Beresfotd, 
Robert  Hution,  N.  P.  Leader,  Richard  Griffith,  jun.  John  Patten, 
Richard  Wynne,  J.  Lester  Foster,  and  P.  D.  La  Touche. 
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Article  IV. 

On  Coal  Mines.     By  fti^yofoc. 
(To  Dr.  Thomson.) 


Thb  numerous  accidents  which  have  of  late  years  happened  in 
the  coal-mines  of  this  district,  have  been  productive  of  sorrow  and 
wretchedness  to  many,  and  have  e>Lcitcd  commiseration  and  horror 
in  all.  To  hear  of  50,  (jO,  nay  100,  of  one's  fellow  creatures  being 
suddenly  shut  up  within  the  bowels  of  the  catth,  a  certain  propor- 
,tion  of  them  instantaneously  destroyed,*  the  rest  left  to  perish,  either 
by  hunger  or  stow  sutfucaiion,  is  such  a  piece  of  intelligence  as 
shocks  and  outrages  every  feeling  of  the  heart ;  yet  JC  is  a  calamity 
■which  the  inhabitants  of  the  district  of  the  Tyne  and  Wear  are 
doomed  very  frctjuenily  to  deplore.  The  risk  and  the  frequency  of 
^liese  misfortunes  are  doubtless  owing  in  no  small  degree  to  the 
.great  depth  and  extent  to  which  the  workings  of  the  coal-mines 
jieneirate,  and  the  difBcuity  thence  arising  of  avoiding  wastes,  and 
of  maintaining  the  air  in  a  state  fit  for  combustion  and  respiration. 
5"o  a  certain  degree,  therefore,  they  are  pcriiaps  unavoidable.  But 
.what  tends  greatly  to  embitter  the  regret  teh  on  their  occurrence,  is 
~the  alleged  prevalence  of  a  certain  disinclination  in  those  concerned 
Jn  the  working  of  coal-mines,  either  to  communicate  information  on 
the  subject  in  general,  or  to  promote,  with  all  the  zeal  that  migtit 
be  expected  of  them,  those  measures  necessary  for  the  discovery  qf 
the  means  of  preventing  accidents.     Unhappily,  the  air  of  secrecy, 

c  niiiny  .fatal  nceidrnts  nhicti  have  occnrrril  wilbin  my  knntclnlge  frnot 
HplDiionsaf  inBnminabk  gas,  I  Ihinkl  mav  vroture  to  asserl,  that  nnl  miirF  (lio)) 
*nc-firarihof  Ihp  persons  ihfj  hove  ollimafely  Icilled  have  b«n  the  vlclim?  of  Ilipir 
Hmmnlialr  cBerirt  fhrpe-fnurths  of  ihem  alino<t  iiiT«r)«h^>p(VM1>J>«iffaciitiiM. 
(Vide  tirst  Report  uf  the  SunderJaud  Soi'icly,  p.  18.)   , 
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which  tliey  seem  so  desirous  of  maiDt^ipiogy  aGTords  but  toomucb* 
room  for  censure,  and  subjects  them  to  unfavourable,  imputations^ 
of  which  they  are  probably  wholly  undeserving,  and  from,  which  a 
different  conduct  would  assuredly  exempt  them.  Of  their  repugnance 
to  grant  information,  both  yourself  and  Mr.  Bakewell  nave  had 
experience,  and  have  s^en  cause  to  complain  publicly ;  and  it  is  to 
be  hop^d  that  it  will  at  last  give  way,  if  not  to  a  spirit  of  liberality^ 
or  the  power  of  conviction,  at  least  to  the  force  of  necessity.  In- 
stances of  the  loss  of  lives  are  becoming  so  frequent^  and  of  such 
frightful  magnitude,  that  proprietors,  occupiers,  and  workers,  of 
coal,  must  in  the  end  be  driven  to  the  necessity  of  rousing  them- 
selves in  their  own  defence,  for  the  benefit  of  their  suffering  work- 
men, and  of  their  own  interest. 

.  It  would.  Sir,  require  but  few  arguments  to  prove  that  the 
system  of  mystery  which  they  are  anxious  to  preserve,  so  far  fron^ 
enhancing  the  value  of  their  concerns,  must,  in  every  point  of  view, 
operate  to  its  depreciation ;  and  that  the  tendency  must,  instead  of 
diminishing,  be  every  day  increasing.  It  would  also  be  easy  to  show 
that  the  only  mode  left  of  averting  the  ruinous  finale  to  which  the 
whole  is  hastening,  is  to  promote,  and  even  to  invite,  investigatiou 
and  publicity.  But,  Sir,  it  is  unnecessary,  if  I  were  capable,  which 
I  certainly  am  not,  of  writing  a  dissertation  on  coal-mines.  Thet 
subject  is  not  new ;  and  in  the  present  state  of  our  information  there 
is  scarcely  anything  very  interesting  to  be  offered  on  it.  The  whole 
that  I  intend  at  present  is  to  draw  your  attention,  and,  through  your, 
means,  the  attention  of  the  public,  to  certain  points  in  the  economy^ 
of  coal-mines,  which  are  already  known,  from  which  I  am  inclined 
to  think  advantage  may  be  derived,  if  they  should  come  to  be  im- 
proved with  that  eagerness  and  energy  which  their  importance  ^ 
justly  demands.  I  sliall  advert  to  these  in  the  order  they  occur  to 
iny  mind,  without  much  adherence  to  methodical  arrangement. 

Fire-^dampy  or,  in  scientific  language,  the  explosion  of  carbureted 
hydrogen,  as  being  the  most  frequent,  apparently  the  most  destruc- 
tive, and  (as  in  the  present  instance)  the  most  recent,  cause  of  mor-. 
tality  in  our  coal-mines,  naturally  and  forcibly  claims  precedence. 
It  is  to  the  prevention  of  this  occurrence  that  the  principal  attention 
has  been  directed ;  yet,  notwithstanding  all  that  has  been  done,  the 
security  against  its  ravages  is  still  very  imperfect.  The  generation 
of  carbureted  hydrogen,  from  whatever  cause  it  originates,  is  so  in- 
cessant and  so  enormous,  that  with  all  the  perfection  to  which  ven- 
tilation has  hitherto  been  carried,  it  is  found  altogether  impracti- 
cable wholly  to  guard  against  those  tremendous  subterranean  com- 
bustions, the  effects  of  which  produce  lamentation,  and  woe,  and 
misery,  to  all  in  their  immediate  vicinity.  Two  years  ago  a  society 
was  established  in  Sunderland  for  the  express  purpose  of  preventing 
accidents  in  coal-mines.  Its  first  Report  was  lately  published,  con- 
taining a  letter  addressed  to  Sir  Ralph  M ilbanke,  the  President,  by 
Mr.  John  Buddie,  who  is,  I  understand,  deservedly  cpnsi 
9f  the  o^ost  scientific  and  experienced. coal  viewers  iu  th 


I  Oxd-Mmes.  f  M^l 

That  letter  contrfrled  an  account  of  the  methcxk  most  generally 
pursued  of  veniilating  coal-mines,  accompanied  with  drauglits  iHus- 
iralive  of  the  different  descripiions.  From  these  one  may  form  » 
very  accuraie  notion  of  the  principle  upon  which  the  ventilation 
proceeds,  and  that  it  of  course  depends  upon  a  thorough  circulutioB 
of  atmospheric  air  heing  kept  up  througli  all  the  ditl'erent  coursittgr 
xnd  workiogs  of  the  mine.  S>o  rapid,  however,  is  the  ordinar^r 
sccumulalion,  and  sometimes  so  unexpected  is  the  accession  of  io^ 
Sammable  ga»,  ihut  with  all  the  apparatus  of  vcotilation  in  the  most 
complete  condition,  it  is  a  matier  of  no  small  ditlicutty  to  keep  thtf 
sir  in  circulation  in  a  state  fit  for  the  various  purposes,  or  in  the* 
language  of  miners,  to  prevent  it  from  reaching  the^rmg  point,  or 
point  of  hydrogenous  impregnation  at  which  it  explodes  when? 
brought  in  contact  with  the  flame  of  a  candle.  The  slightest  inter- 
ruption to  the  regular  transmission  of  atmospheric  air,  or  the  leasT 
«nlookedl-for  addition  of  carbureted  hydrogen,  exposes  the  lives  ot 
the  miners  to  the  most  imminent  jeopardy,  and  the  mine  itself  ta 
the  risk  of  total  destruction.  It  would  appear  that  as  far  as  mecha- 
nicnl  means  are  adequnie  to  the  end,  ventilation  has  reached  the 
ntmost  point  of  perfection  of  which  it  is  susceptible.  Mr.  Buddie 
in  some  measure  stakes  his  reputation  as  a  viewer  on  the  opinion) 
tliat  any  further  advancement  in  the  discovery  of  mechanical  powers 
for  the  ventilation  of  collieries  is  unattainable.  His  words  are: 
••  Ob  the  strength  of  my  own  experieuce  in  collieries  thus  circum- 
Manced,  I  freely  haeard  my  opinion,  that  any  further  application  of 
mechanical  agency  towards  preventing  explosions  in  coal-mines 
would  be  ineffectual ;  and  therefore  conclude  that  the  hope&  of  this 
Society  ever  seeing  its  most  desirable  object  accomplished  must 
Jest  upon  the  event  of  some  method  being  discovered  of  producing 
Bich  »■  chemical  change  upon  carbureted  hydrogen  gas  as  to  render 
it  iiMioKious  as  fast  as  it  is  discliarged,  or  as  it  approaches  the  neigh- 
bourhood of  lights.  In  this  view  of  the  subject,  it  is  to  scientific 
men  only  that  we  must  look  up  for  asistance  in  providing  a  cheap 
and  eff^ectual  remedy."  (Keport,  p.  2A.)  The^e  positions,  though 
perhiips  not  very  accordant  to  the  genuine  spirit  of  philosophy,  as 
tending  rather  to  repress  than  to  animate  the  zeal  of  discoverers, 
Biay  in  the  present  case  be  assumed  as  principles  for  the  purpose  of 
•itnplifying  acid  facilitating  the  discussion.  By  the  publication, 
therefo'ie,  of  Mr.  Buddie's  letter  in  the  Report  alluded  to,  our 
knowledge  of  this  part  of  the  subject  may,  in  one  respect,  be  eon- 
sidered  as  having  not  only  advanced  a  step,  but  our  perceptions  ol 
what  we  do  know,  and  of  what  remains  to  be  done,  are  rendered 
more  clear  and  precise.  According  to  this  view,  then,  we  may  be 
nid  to  have  arrived  at  a  fixed  point.  We  have  reached,  as  it  were, 
»  spot  from  which  we  can  see  more  distinctly  the  route  to  be  pur- 
Wed.  A  person,  in  every  respect  qualified  io  pronounce  a  deliberate 
and  decided  opinion,  hns  declared  that  all  funher  attempts  at  im-. 
provemeni  in  what  may  be  called  the  mechanism  of  ventilation  will 
f  litwnive,  awd  tliat  k- i»  to  aeienlific  bwd  that  we^  ave  tO'ttuW 
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{9r  tbe^  diicovery  or  ncme  chemical  agent  which  shall  cofadenire  of 
neutraliee,  or  in  some  way  or  other  render  harmless,  the  destructive 
Sttb5taoce  as  fast  as  it  is  disengaged. 

■  But,  Sir,  in  order  to  give  the  investigation  of  the  subject  by  njctr 
of  science  any  chance  of  being  prosecuted*  with  succest,  ir  isindis* 
pensably  necessary  that  some  inducement  should  be  held  out.  K 
Would  be  to  draw  on  philo<K)phy  or  philanthropy  to  a  much*  greater 
amount  than  either  will  be  fbund  to  bear,  to  suppose  that  scientific 
iften,  from  the  mere  impulse  of  benevolence,  or  luve  of  the  subject^ 
ate  to  engage  in  a  course  of  iaboriou^  and-  costly  experiments,  fiit 
the- purpose  of  finding  out  that  which,  though  it  would  unquestionw 
aMy  gratify  the  feelings  of  every  true  friend  of  science,  as  well  as  of 
Imnianity,  would  be  attended  with  no  decided  advantage  to  the 
discoverer  himself.  I  am  aware  it  has  been  said,  by  a  writer  whose* 
itothority  stands  deservedly  high,  that  *^  in  tlie  present  state  of  our 
knowledge,  an  infallible  method  of  obviating  by  chemical  means  th^ 
dieplorable  catastrophes  which  occur  in  coal-mines,  is  a  hopeless  ae^ 
quisition  ;  and  that  to  hold  forth  any  such  proposal,  with  confident 

Sretensions,  would  be  the  boast  of  empiricism,  and  not  of  science.*** 
t  has  also  been  urged,  that  the  limited  power  which  art  has,  or 
even  can  be  supposed  to  exercise  over  the  mightier  operations  of 
Nature,  leaves  little  n)om  to  expect  that  any  thing  can  be  done  bf 
chemical  means  to  controul  the  powers  of  the  latter  in  any  consi-^ 
durable  deurree.  Between  these  discouraging  opinions,  and  the  one 
promulgated  by  Mr.  Buddie,  which  forbids  us  to  look  for  any  fofw 
tkrer  mechanical  means,  we  should  be  left,  were  we  implicitly  to 
Aide  by  them,  in  such  a  state  of  utter  abandonment,  as  would  go 
fa  preclude  all  endeavours  to  ameliorate  the  present  system.  T9 
idtiuce,  therefore,  such  dogmas  as  these,  is  to  throw  a  damp  upon 
exertion  of  every  kind,  by  a  species  of  cold-blooded  doctrine,  hoS'^ 
file  both  to  feeling  and  to  the  interests  of  science,  and  which  is  the 
ORire  likely  to  obtain  credence  from  the  respectable  sources  whenee 
it  derives  its  authority.  In  prosecuting  this  interesting  subject,  then^ 
torh  gloomy  and  disheartening  \iews  must  positively  lie  discarded^ 
Uni  sentiments  indulged  in,  which  shall  be  more  consonant  to  ouf 
lopes  and  wishes,  and  which  shall  afibrd  to  the  mind  a  brighter  and 
iMt  satisfactory  prospect.  Chemistry  has  in  our  age  made  rapid 
tnd  astom'shing  advances  in  the  pursuit  of  truth ;  and  calculatm|p 
from  past  experience,  it  does  not  appear  why  such  a  discoveiy  af 
Amt  of  preventing  or  counteracting  the  excessive  generation  of  car- 
bureted hydrogen,  or  of  neutralizing  it  when  formed,  should  be 
pbiced  out  of  the  reach  of  chemical  research.  Although  art  caa 
certainly  do  little  to  regulate  or  subdue  any  of  the  more  stupendous 
oprrations  of  Nature,  yet  in  some  .extraordinary  instances  she  baf 
mdoubiedly  succeeded.  Besides,  the  ventilation  of  a  coal-mine  if 
liythifig  more  than  the  artificial  adaptation-  of  scientific  principles  to 
die  successful  accomplishment  of  a  great  practical  result,  and  bear* 

"  •  ViU  BMp\f  U  Or.  Trotter*!  Propoial  for  dntn 
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little  or  no  ana1(^  to  corresponding  plienomena  at  the  surface, 
where  the  power  of  resiraining  the  currents  of  air  is  not  witljia  the 
guidance  or  governance  of  human  agency.  But  even  thougii  the 
discovery  of  such  means,  as  sliall  render  innocuous  the  whole  carbu- 
reted hydrogen  generated,  were  to  be  granted  as  unattuinahle,  still 
tlie  linding  out  a  substance  capable  of  decomposing  such  a  propor- 
tion  of  it  as  shall  bring  it  more  within  the  range  of  human  manage- 
ment, need  not  on  that  account  he  despaired  of.  L<.'t,  then,  some 
suitable  encouragement  be  offered ;  such  a  reward  as  shall  incite  the 
learned  in  this  branch  of  knowledge,  to  apply  themselves  sedu- 
lously to  the  detection  of  that  which,  wliile  it  will  constitute  so  in- 
estimable a  benefit  to  the  public,  may  he  of  signal  advantage  to  llie 
discoverer  iiimself.  Let  the  coal  proprietors,  and  ail  concerned  in 
coal-mines,  subscribe  a  sum  by  way  of  premium,  or  bind  them- 
■elves  to  pay  it  at  any  future  period,  to  the  fortunate  individual  who 
iliaU  discover  this  great  desideratum,  hi  aid  of  such  an  object,  let 
ParliamenT,  on  behalf  of  liumanity  and  of  the  country,  vote  a  cer- 
tain sum;  suppose  5,000/,  10,000/.,  or  20,000/.,  in  the  same 
manner  as  is  held  out  to  the  person  who  shall  discover  the  longi- 
■  tude ;  a  discovery,  by  the  way,  perhaps  fully  as  problematical  as 
the.one  now  in  contemplation.  As  connected  very  intimately  with 
the  accidents  from  fire-damp,  iliose  from  choak-davtp,  or  carbonic 
acid  gas,  nest  bespeak  our  attention.  This  substance,  though,  not 
so  ostensibly  hostile  to  life,  perhaps  in  point  of  fact  destroys  a  far 
greater  proportion  of  the  miners  than  even  the  fire-damp  itself.  It 
u  the  opinion  of  Mr.  Buddie,  as  we  have  already  seen,  that  only 
one-fourth  of  the  people  below  ground  at  the  time  the  carbureted 
hydrogen  ignites,  suffer  by  the  immediate  effects  of  the  blast.  Those 
who  survive  are  afterwards  stifled,  before  the  mine  can  be  entered, 
hy  the  inhalation  of  foul  air  ;  and  a  great  part  of  thia  foul  sir  con- 
sists of  carbonic  acid  gas,  formed  by  the  chemical  effects  of  the 
explosion.  In  reality,  therefore,  the  consideration  of  the  subject 
of  choak-damp,  though  not  so  imraediaie,  is  not  less  important 
than  that  of  fire-damp.  It  need  not,  however,  be  enlarged  upoa 
in  this  place,  as  a  similar  experimental  inquiry  to  that  already  sug- 
gested is  requisite,  and  probably  would  lead  to  the  detection  of  the 
means  of  preventing  its  formation.  In  truth,  as  the  presence  of  a 
great  part  of  the  carbonic  acid  gas  is  a  necessary  consequence  of  the 
chemical  action  produced  by  the  ignition  of  the  carbureted  hydrogen, 
the  pieveotion  of  the  one  must  infallibly  obviate  the  generation  of 
the  other. 

Another  fruitful  source  of  fatal  disasters  in  our  collieries  is  waler. 
By  the  last  accident  from  this  cause  at  Heaton  Colliery,  it  is  well 
known  that  no  less  than  7^  men  and  buys  lost  their  lives.  Some  of 
these  were  doubtless  immediately  drowned  by  the  rapid  influx  of  tite 
water;  but  others  were,  in  all  probiibiilty,  doomed  to  one  of  the. 
roost  lingei'Ing  and  horrible  deaths  of  wliic'n  the  mind  of  man  is 
able  to  form  any  conception.  Entombed  alive  in  the  carlh,  at  a 
depth  of  £00  Oi  SOO  feet ;  shut  out  from  all  eoaimuuiculiun  with 
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tfadse  at  the  surface  i"  driven,  in  their  search  of  refuge  from  the 
'•roaring  flood,  to  seek  shelter  in  some  of  the  more  elevated  parts  of 
the  mine ;  there,  if  they  succeeded  in  Scaping  the  torrent  for  the 
moment,  to  lie  in  darkness  and  despair,  some  of  them  perhaps  in 
solitude,  conscious  that  every  hope  of  being  rescued  was  for  ever 
eut  ofl^  waiting  the  approach  of  the  water  to  swallow  them  up,  or 
the  equally  certain  ravages  of  hunger  or  suifocation ;  no  $ound 
to  be  heard  but  the  dying  groans  of  their  companions.     Great  God 
of  mercy !  what  a  situation  for  human  beings  to  be  reduced  to ! 
The  imagination  turns  away  with  sickening  horror  and  afiright  from 
the  picture  which  itself  has  drawn  ;  and  the  only  hope  which  evea 
the  most  benevolent  heart  can  cherish,  with  any  degree  of  p'atieiice 
composure,  is,  that  the  noxious  air,  or  submersion  in  the  water^ 
must  have  speedily  put  a  period  to  their  miseries  by  terminating 
dieur  existence. 

An  event  of  a  similar  description  is  said  to  have  taken  place  m 
this  neighbourhood  about  30  or  40  years  ago.    The  maiiner  in 
which  this  accident  happens  is  sufficiently  well  understood,  and 
maybe  easily  conceived.    Throughout  the  greater  part  of  the  Tyne 
and  Wear  district  there  are  innumerable  wastes,  or  spaces,  left  by 
the  former  working  out  of  coal  seams.    These  old  workings,  on 
account  of  the  deficient  means,  both  chemical  and  mechanical^ 
possessed  by  Our  forefathers,  are,  generally  speaking,  shallow,  when 
compared  with  the  depth  to  which  the  operations  in  what  is  called 
the  Low  Main  now  penetrate.    They  therefore  now  constitute  so 
many  cisterns,  ibto  which  the  water  from  the  surface,  and  from 
other  sources  in  the  silent  and  stupendous  laboratory  of  Nature,  is 
perpetually  filtering ;  till  at  last  there  come  to  be  collected  pro- 
digious bodies  of  water,  which  in  general  overlay  the  stratum  of 
c(»l  in  which  the  more  modern  workings  are  carrying  on.    Ffbm 
uncertainty  respecting  the  vicinity  of  these  wastes  and  aqueous  re« 
seiToirs,  from  tenderness  or  Want  of  power  in  the  wall  or  roof  of 
the  mine,  to  support  the  lateral  or  superincumbent  pressure  of  the 
water,  or,  still  more,  from  ignorance  or  rashness  in  the  workmen 
in  apprcxaching  too  near  to  these  vast  accumulations,  the  side  or 
roof  of  the  mine  gives  way,  and  the  overwhelming  inundation  takes 
phce.    Against  such  an  awful  and  ruinous  occurrence  there  neither 
If,  nor  probably  turn  there  be,  provided  any  effectual  safeguard. 
Yet  much  may  be  done  by  way  of  precaution :  and  here  1  must 
take  the  liberty  of  mentioning  a  plan  which  was  brought  forward 
with  this  view  by  Mr.  Thomas,  of  Denton,  near  Newcastle,  so  far 
back  as  the  year  \^9^.    A  paper  by  this  Gentleman  on  the  subject 
of  establibhihg  an  ofBc'e  in  Newcastle  for  recording  plans  and  other 
particulars  respecting  coal-mines  was  read  at  that  time;. but,  from 
some  unexplained  cause,  was  never  acted  upon.   On  account  of  the 
ipcreasing  importance  of  the  subject,  this  paper  was  again  read,  at. 
the  last  meeting  of  the  Literary  and  Philosophical  *"  of  this 

place^  held  on  the  6th  inst.,  and  was  ordered  lUiiedj^^ 

tbgetbler  with  supplemefitary  observations  by  M  ^"^v^x 

Wvi.  N«u;        '     "    .  * 
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civil  engineer^  calculated  to  pUt  the  whole  into  such  a  train  as  shall 
enable  the  public  to  avail  tnemselves  of  the  advantages  compre- 
hended in  the  proposal.  It  would  only  be  to  anticipate  the  contents 
of  the  intended  pamphlet,  were  I  now  to  enter  upon  any  details. 
t  shall;  therefore,  merely  observe,  that  the  plan  seems  admirably 
well  suited  to  a  most  humane  and  useful  object,  and  will^  1  should 
hope,  meet  with  every  encouragement. 

There  are  one  or  two  points  more  to  which  I  wish  to  allude,  as 
meriting  more  notice  than  has  yet  been  bestowed  upon  them.  One 
of  these  is  the  state  of  discipline  which'  obtains  in  coal-mines.  It 
is  an  acknowledged  truth,  that  the  various  unfortunate  events  in  our 
collieries,  though  passing  under  the  general  denomination  of  acci* 
deitts,  are  frequently,  if  not  always,  brought  about  by  circum*- 
stances  to  which  the  epithet  fortuitous  can  scarcely  be  applied.  In 
,  *  those  instances  where  the  escape  of  any  of  the  miners  aflbrds  an 
opportunity  of  ascertaining  the  particulars,  the  accident  can  gene- 
rally be  traced  to  have  originated  in  want  of  science  in  some  of  the 
immediate  superintendents,  or  ignorance  of  the  workmen,  or  want 
of  attention  in  the  boys,  to  whose  care  are  entrusted  some  of  the 
most  important  arrangements,^  but  more  especially  still,  in  most 
reprehensible  and  over-weening  confidence  in  all,  which  being 
translated,  means  nothing  more  or  less  than  the  grossest  carelessness. 
In  fact,  this  latter  circumstance  may^  to  a  certain  degree,  be  re- 
garded as  the  primary  cause  of  all  the  mischief  that  happens* 
Unless,  therefore,  some  method  be  devised  for  preventing  relaxa- 
tion in  the  discipline,  and  for  instituting  some  reformation  in  the 
interior  economy  of  the  mines,  it  is  obvious  that  all  other  means, 
however  perfect,  must  come  lamentably  short  of  their  intended 
eflFect.  This  desirable  change,  however,  can  hardly  be  effected  but 
by  Legislative  interference,  which  it  would  consequently  be  for  the 
interest  of  all  parties  to  see  exercised. 

Another  most  essential  object  would  appear  to  be  to  establish 
some  efficient  method  of  alarm  amongst  the  inhabitants  of  the 
mine.  From  the  accounts  received  from  the  survivore  of  the  late 
temble  catastrophe  at  Heaton  colliery,  it  is  evident  that  had  a  more 
perfect  system  of  alarm,  as  well  as  of  discipline,  prevailed,  a  con- 
siderable proportion  of  the  unfortunate  miners  might,  nay  would, 
have  been  saved.  Indeed,  it  is  easy  to  imagine  how  it  may  happen 
that  a  workman,  or  set  of  workmen,  in  any  particular  district  of  a 
colliery,  shall  have  satisfactory  evidence  of  approaching  danger, 
and  save  themselves  by  rushing  to  the  shaft,  while  they  have  no 
means  oi  giving  timely  warning  to  others  working  at  the  distance 
of  perhaps  more  than  a  mile  from  them.  This  actually  happened 
at  Heaton.   The  men  who  were  working  at  the  fatal  spot  where  the 

♦  Mr.  Buddie  defines  a  trapper  to  be  **  the  person,  generally  a  boy,  who  opens 
and  shats  the  doors.  The  trappers  have  scats  near  their  doors,  and  remain  by  them' 
all  the  time  the  pit  is  at  work.  This  is  the  first  branch  of  pit  Kork  the  boys  go  to,** 
(Report,  p.  26.)  It  is  of  some  consequence  here  to  know  that  these  doors,  which 
iAese  ck/ldren  aire  employed  to  watch,  are  the  ap^ttures  through  which  the  air  is 
ransmitted  f  in  other  wordby  they  appear  to  be  the  main  cftamie£s  of  veatiUUioa. 
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water  burst  through  extricated  themselves  by  hastening  to  the  shafr> 
but  before  the  alarm  could  be  spread  to  the  more  distant  parts  of  the 
mine,  iirhere  most  of  the  men  appear  to  have  been  at  work,  the 
water  had  formed  an  impassable  barrier,  and  deprived  them  of  all 
chance  of  retreat. 

It  may  also  occur  in  a  similar  manner,  with  respect  to  explosions 
of  carbureted  hydrogen,  that  men  working  at  a  certain  part  of  the 
pit  may  be  aware  of  danger  from  the  state  of  the  air  in  their  imme- 
diate neighbourhood,  and  though  not  able  to  save  themselves  from 
injary  or  death,  may  by  early  alarm  be  the  means  of  saving  some  of 
their  comrades  nearer  the  shaft,  many  of  whom  are  sacrificed  simply 
from  not  knowing  that  danger  is  at  hand.  For  the  purpose,  then, 
of  the  better  guarding  against  these  evils,  miglit  it  not  be  advisable 
and  proper  to  have  established  throughout  the  mine  a  series  of 
speaking  trumpets,  or  alarum  bells,  arranged  in  such  order 'as 
Miould  convey  with  the  greatest  possible  celerity  intimations  of 
danger  to  its  various  departments  ? 

These,  Sir,  are  all  the  remarks  which  occur  to  me  at  present,  as 
worth  while  to  trouble  you  with.  There  are  many  other  con-  * 
trivances  which  might  be  proposed,  and  which  might  be  adopted, 
witTi  increased  security  to  the  miners,  and  certainly,  at  a  very 
moderate  cost  to  the  proprietors.  But  I  fear  I  have  already 
trespassed  at  too  great  length  to  presume  to  encroach  any 
further.  One  observation  there  still  remains  to  be  made,  that 
will  apply  to  all  these  different  causes  of  the  loss  of  so  many 
valuable  lives,  and  it  is  this,  that  the  accidents  resulting  from 
them  in  coal-mines  must  be  daily  becoming  more  frequent.  From 
the  very  nature  of  the  case,  the  more  numerous,  deep,  and  ex- 
tensive, the  excavations  become,  the  greater  must  be  the  difficulty 
of  avoiding  wastes  and  old  workings,  where  reservoirs  of  carbureted 
hydrogen,  of  carbonic  acid  gas,  and  especially  of  water,  are  in  a 
state  of  unceasing  accumulation.  In  a  word,  the  subject  is 
assuming  a  fearful  importance,  and  must  very  soon  extort  from  the 
public,  and  particularly  from  those  n(U)re  nearly  interested,  that 
attention  which  hitherto  seems  to  have  been  partly  withheld  from  it. 

I  am,  Sir,  your  most  obedient  servant, 

Kewcastle^upori'Tyne,  ^i\ctyoL6os» 

June  13,  1815.  ' 


Article  V. 

An  Account  of  the  Sunderland  Lime-stone  Formation.     By  W. 
ReidClanny,  M.D.  M.R.I.A.  of  Sunderland. 

(To  Dr.  Thomson.) 

DEAR  SIR,  Sunderland  J  June  12,  1815. 

When  I  had  the  pleasure  of  your  short  visit  last  si  ^ 

forgot  to  show  you  the  Pallion  Jime-works,  tine  ^opct^ 
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Goodcliild,  Esq.  which  are  situated  upon  the  Wear,  about  a  mile 
up  the  river  from  this  town.  They  are  the  deepest  wrought  of  the 
Sunderland  lime-stone  formation,  and  are  of  great  extent  and 
value. 

I  have  taken  some  pains  in  examining  the  PulJion  lime-stone, 
assisted  liy  those  persons  who  were  best  qualified  lo  give  me  the  re- 
quisite information  ;  and  the  following  sketch,  which  I  have  drawn 
up  for  tlie  Annals  of  PkUosophy,  will,  1  expect,  be  found  worthj 
the  perusal  of  your  readers. 

These  lime-works  have  afforded  employment  for  many  years  lo«- 
great  number  of  quarry-men,  lime-burners,  and  sailors,  many  rtfi-1 
whom  were  so  advanced  in  years  that  they  had  little  chance  of  coi»^ 
Slant  employment  elsewhere.  The  works  are  conducted  with  tWi 
greatest  care  and  regularity  ;  and  a  steam-etigine  of  considerable  j 
power  is  in  constant  use,  to  draw  the  lime  from  the  quarry  to  tlw<  I 
lilos.  Whetlier  we  consider  the  extent  or  the  order  in  which  t!^^ 
different  operations  are  carried  on,  the  Pallion  lime-stone  mtu 
always  considered  as  an  object  of  much  interest  and  curiosity, . 

The  following  are  the  strata  of  Pallion  quarry : — ■ 

Soil,  from  a  foot  to  two  feet- 
Marl,  containing  small  pieces  of  lime-stone  of  a  cream-Vi 
colour,  25  feet. 

A  stratum  of  common  compact  lime-stone  18  feet  in  i 
colour  while,  through  which  are  observed  a  few  horizontal  a 
of  ochre-yellow.  It  is  massive;  fracture  even,  inclining tol 
conchoidal ;  trauslucent  upon  the  edges ;  brittle  ;  easily  frang 
not  particularly  heavy ;  may  be  scratched  with  fluor  spar,  bu^ 
with  the  nail.  Several  horizontal  indentations,  slightly  cryBii 
lized,  run  through  this  stratum,  in  some  places  having  the  appear- 
ance of  dovetailing,  and  in  others  resembling  the  sagittal  suture  of 
the  human  cranium.  From  the  chemical  trials  wliicb  I  have  made^ 
I  find  that  this  stratum  contains  no  magnesia. 

The  second  stratum  of  Ume-stone  is  35  feet  in  depth,  colour 
ochre-yellow,  with  very  frequent  clouds  of  bluish-grey.  The 
ochre-yellow  is  soft,  giving  to  the  touch  the  sensation  of  indurated 
marl.  The  bluish-grey  is  very  hard  and  compact ;  of  course  the 
fracture  of  this  stratum  of  lime-stone  is  very  uneven.  This  stratum 
contains  magnesia,  though  in  no  great  proportion. 

The  third  stratum  of  lime-stone  is  three  feet  in  depth;  colour 
cream-yellow,  having  many  small  spots  of  ochre-yellow  inter- 
spersed ;  te:iture  uniform  ;  fracture  conchoidal ;  translucent  upon 
the  edges;  hard;  not  brittle;  cannot  be  scratched  with  the  nail, 
but  readily  with  fiuor  spar.  In  this  stratum  the  remains  of  a  flat 
fish  was  found,  a  drawing  of  which  I  have  taken  for  you  :  (see 
Plate  XXXVII.)  and  near  the  remains  of  this  fish  I  have  dis- 
covered several  shells,  which  are  in  such  a  state  of  mutilation 
that  even  with  a  good  magnifying  glass  it  appears  impossible  to 
refer  them  to  any  class,  in  which  opinion  I  am  supported  by  a 
hell-jnforaied  conchologist  of  this  place. 
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The  lime-stone  of  this  stratum  has  been  much  in  request  for  the 
sculpture  of  coats  of  arms  for  mansion-houses. 

The  fourth  stratum  of  lime-stone  is  worked  to  the  depth  of  1 7 
feet,  and  is  the  lowest  at  present  wrought.  1  shall  have  occasion  to 
offer  some  remarks  afterwards  at  the  conclusion  of  this  paper,  when 
I  shall  mention  the  depth  of  this  stratum  where  it  was  worked 
through  in  sinking  a  coal-pit  shaft.  The  colour  of  this  stratum  is 
bluish-grey ;  it  is  massive ;  fracture  conchoidal ;  fragments  sharp 
edged ;  translucent  upon  the  edges ;  cannot  be  scratched  by  the 
nail,  though  readily  enough  by  fluor  spar;  it  is  hard,  and  aot 
readily  frangible ;  contains  not  more  than  five  per  cent,  of  mag- 
nesia. 

About  two  feet  from  the  bottom  of  the  quarry^  this  stratum  be- 
comes so  fine  in  the  texture  that  it  has  been  sculptured  for  orna- 
mental purposes,  and  is  well  known  under  the  name  of  the  Pallioa 
marble. 

The  Pallion  lime  is  much  valued,  and  is  very  extensively  used  for 
agricultural  purposes  along  the  whole  eastern  coast  of  England  and 
Scotland.  An  observation  of  the  late  Dr.  Anderson,  in  bis  excellent 
Essays  on  Agriculture,  is  so  much  in  point,  that  I  shall  offer  no 
apology  for  transcribing  it : — ^<  The  only  extensive  lime-quarries  of 
such  a  pure  lime-stone  that  I  have  met  with  are  at  Sunderland,  ia 
the  county  of  Durham.'^ 

The  Pillion  lime-stone,  generally  speaking,  is  hard ;  but  when 
burnt,  it  is  as  light  and  soft  to  the  touch  as  chalk-lime.  This  lime* 
stone  accordingly  loses  much  weight  by  calcination,  and  requires  a 
large  proportion  of  water  to  slake  it. 

.  In  the  year  1787  a  coal  shaft  was  sunk  about  half  a  mile  south- 
west of  the  Pallion  quarry,  and  upon  the  same  estate.  The  same 
order  and  appearance  of  the  strata  were  observed  as  in  the  Pallioa 
quarry,  that  is,  as  far  down  as  the  latter  quany  is  worked,  which  is 
to  the  extent  of  17  feet  in  the  fourth  stratum  of  lime-stone^  as 
mentioned  above.  After  this  the  shaft  was  carried  through  64  feet 
of  blue  lime-stone,  which  became  coarse,  and  of  inferior  value. 

Immediately  below  this  stratum  of  lime-stone  the  shaft  was 
worked  through  a  stratum  of  dark  slate-clay  alternating  with  blue 
slate-clay,  which  was  240  feet  in  depth.  The  shaft  was  next  passed 
through  a  mass  of  green-stone  (the  whin-stone  of  this  county)  and 
^lay-slate  to  a  considerable  depth. 

Mr.  Goodchild  has  lost  the  memoranda  which  were  taken  when 
the  shaft  was  sunk ;  but  you  may  rely  upon  the  accuracy  of  the 
^bove  statement^  as  I  had  it  from  himself. 

I  an[i^  dear  Sir,  your  faithful  friend. 
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Sketch  of  a  General  Theory  of  the  Intellectual  Fnnctims  of  Man 
and  Animalsy  given  in  reply  to  Drs.  Cross  and  Leach^  By 
Alexander  Walker, 

(^Concluded  from  p.  34.) 

On  the  subject  of  the  cerebellum,  I  have  only  to  add^  that  al} 
the  observations  which  Drs.  Gall  and  Spurzheim  have  adduced  to 
prove  that  it  is  the  organ  of  amativeness,  are  accountable  from  the 
i^ircumstance  that  the  degree  of  physical  love  seems  to  be  more 
or  less  connected  with  the  degree  of  voluntary  power — the  proper 
function  of  this  organ :  and  hence  it  is  that  the  man,  the  staHioDj 
and  the  bull,  having  more  voluntary  power,  have  also  more  amative^ 
xiess  and  a  larger  cerebellum  than  the  eunuch,  the  gelding,  and  the 
ox.  With  this  n^odification — considering  the  cerebellum  npt  as.  the 

•  organy  but  as  a  convenient  sign^  of  amativeness,  the  general  theory 
which  I  now  deliver  of  the  nervous  system  is  in  perfect  harmony 
with  the  mor^  particular  doctrine  of  Gall  and  Spunpheim  as  to  the 
cerebral  organs. 

My  former  brief  paper  being  entitled,  On  the  Use  of  the  Cere- 
bellum and  Spinal  Marrow,  it  was  less  to  the  structure  of  these 
parts  (which  I  conceived  to  be  sufficiently  well  known)  than  to  their 
use  that  I  referred.  In  particular,  1  meant  to  lay  no  claim  to  the 
first  observation  of  the  division  of  the  spinal  marrow,  either  on  the 
ground  of  its  having  lateral  fissures,  asserted  by  Soemmerriog,  wbo^ 
however,  will  no  doubt  now  abandon  his  opinion,  since  Dr.  Leach 
**  has  carefully  examined  the  structure  of  the  spinal  mass  of  nerves/' 
or  on  a  ground  which  is,  I  believe,  peculiar  to  myself,  that  these 
columns  being  laterally  separated  by  cineritious  matter,  that  sub* 
stance  serves  the  purpose  of  insulating  them  from  each  other,  and 
serves  a  similar  purpose,  and  no  other,  throughout  the  brain.  Even 
on  thi^  ground,  which  I  believe  to  be  the  best  one,  however  peculiar 
it  may  be,  it  was  not  my  intention  to  claim  the  observation  ;  but  it 
was  my  intention  to  consider  as  my  own,  the  observation  that  the 
anterior  columns  (in  which  end  the  anterior  spinal  nerves)  terminate 
In  the  cerebrum,  while  the  posterior  columns  (in  which  begin  the 
posterior  spinal  nerves)  commence  in  the  cerebellum ;  as  well  as 
that  the^nterior  may  be  termed  the  ascending  columns  and  nerves^ 
and  the  posterior  the  descending — that  the  former  may  be  called 
those  of  sensation  or  impression,  which,  to  be  cognizable  to  the 
brain,  must  ascend  from  by  far  the  greater  part  of  the  surface  of 
the  body ;  and  that  the  posterior  may  be  called  those  of  volition  or 
^xpres^ion,  which,  to  affect  almost  all  the  muscles,  must  descend 
from  the  head.  And,  to  say  the  least  of  it,  this  is  rendered  highly 
probable    by   the  circumstances  that  sensation   and  volition — aa 

ascending  and  a  descending  motion  cannot  possibly  take  place  in 
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the  same  fibrils  of  the  same  nerve  i  that  consequently  all  nerves, 
having  at  once  sensation  and  volition,  divide  into  two  series  of 
fibrils  on  joining  the  spinal  marrow,  namely,  an  anterior  series  and 
a  posterior  one ;  that  the  anterior  series  is,  in  form  and  structure^ 
totally  different  from  the  posterior;  and  that  the  spinal  marrow, 
divided  as  it  is  by  fissures  and  by  cineritious  matter,  does  really 
form  four  columns  which  are  joined  by  these  series,  viz.  the  anterior 
columns,  by  the  anterior  fasciculi,  and  the  posterior  columns,  by 
the  posterior  fasciculi. 

In  reply  to  my  statement,  that  the  anterior  colunins  join  the 
cerebrum,  and  the  posterior  the  cerebellum,  Dr.  Leach  says,  ^^  Gall 
and  Spurzheim  have  shown  that  the  brain  and  cerebellum  cannot 
be  considered  as  the  continuation  of  the  spinal  marrow,  any  more 
than  the  spinal  marrow  can  that  of  the  brain  and  cerebellum/' 
This  reply  the  Doctor  no  doubt  thinks  decisive ;  and  as  I  have 
shown  that  he  has  rather  too  hastily,  and  without  reason,  called  my 
anatomical  and  physiological  statement  inaccurate,  I  must  now 
inquire  into  his.  The  argument,  then,  which  he  here  adduces, 
from  whatever  source  derived,  is  a  bad  one,  because  it  proves  a 
great  deal  too  much,  as  the  following  observation  will  show. — 
Various- parts,  then,  of  the  body,  have  been  generated  separately  In 
the  uterus  or  ovaria,  as  hair,  teeth,  limbs,  &c.  Now,  in  the  case 
.  of  the  lower  part  of  the  body  or  the  lower  extremity  being  generated 
alooe  or  detached  from  the  superior  parts,  the  generated  parts 
would  contain  vessels  as  well  as  nerves — namely,  an  aorta  and  vena 
oava,:  or  a  fenK>ral  artery  and  vein.  But,  from  the  Doctor's  argu- 
ment, it  would  follow  that,  because  in  this  case  the  lower  parts  of 
these  vessels  were  produced  separately  from  the  upper,  therefore,  in 
the  natural  state,  these  parts  are  not  continuations  of  each  other ! 
^  and  that  the  aorta  and  femoral  artery  are  not  descending^  and  the 
yena  cava  and  femoral  vein  ascending !  ^  Such,  then,  are  the 
|Hrecise  and  ^^  accurate  "  arguments  employed  by  Dr.  Leach  to 
prove  that  the  anterior  columns  and  their  nerves  do  not  join  the 
.eerebrum,  and  the  posterior  the  cerebellum. 
•  In  reply  to  my  statement,  that  the  anterior  of  the  nervous 
fiiscicuU  which  join  the  spinal  marrow  are  not  nerves  of  sensation, 
nor  the  posterior  nerves  of  volition.  Dr.  Leack^  instead  of  proving 
my  maccwracyj  places  upon  record  a  most  axioms  liing  specimen  of  his 
ffti^n  r — Dr.  Leach  says,  **  The  two  roots  of  nerves  of  each  half  of 
the  spinal  marrow,  namely,  the  anterior  and  posterior,  go  to  dif- 
ferent parts  of  the  body : — the  muscles  and  skin  of  the  back  receive 
their  nerves  from  the  posterior  roots,  whilst  the  muscles  and  skin  of 
the  abdomen  receive  theirs  from  the  anterior  roots,  and  yet  the  fore 
and  back  parts  of  the  body  have  sensation  and  voluntary  motion/* 
Now  certainly  if  this  were  but  true,  my  doctrine  would  be  not 

*  Tkis  argument  is  not  limited  to  the  separate  productioii  of  cm  ^f  the 

body,  as  the  trank,  or  the  lower  extremity;  but  obviously  applto"  *ifcrt 

ivhich  may  ever  have  been  separately  produced,  and  even  tv  W  4 
latioiu 
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merely  inaccurate,  but  altogetlier  false  ;  for  this  would  prove,  thst 
bbtli  rpols  were  at  once  nerves  of  sensation  and  of  voliiion:  but, 
not  being  true,  the  case  is  certainly  somenhat  altered.  Unluckily 
for  Dr.  Lea  ell,  it  is  his  own  statement  wbich  is  inaccuiate.  In  his 
"  careful  examination  of  ihe  structure  of  the  spinal  mass  of  nerves," 
the  Doctor  has  absolutely  mistaken  the  hanches  for  the  roots  of 
these  nenes  !  It  is  from  the  branches  that  the  nerves  he  alludes  to 
go  off;  for,  however  lucky  this  may  he  for  humanily,  since  it  pre- 
vents our  moving  with  only  one  half  the  body,  and  feeling  only 
wiih  the  other,  it  is  certainly  unfortunate  for  the  Doctor's  argument 
that  neither  to  skin  nor  muscles  is  the  slightest  twig  given  from  the 
roots.  These  roots  then  combine,  communicate,  and  even  cross  by 
twigs,  in  order  to  form  a  trunk  ;  and,  that  the  Doctor  may  not  be 
put  to  the  trouble  of  another  "  careful  esaminaiion,"  if  he  will 
only  cross  the  fingers  of  one  of  his  hands  between  those  of  the 
other,  he  will  have  a  tolerable  conception  of  the  trunk  so  formed, 
remembering,  however,  that  only  about  half  the  fibrils  of  either 
root  do  so  cross,  while  the  other  half,  instead  of  crossing  to  the 
opposite  branch,  runs  onward  in  the  branch  of  the  same  side.  A 
jaiher  greater  number  of  fibrils,  indeed,  pass  from  the  posterior 
ioot  to  the  anterior  branch  than  from  the  anterior  root  to  the  poste- 
rior branch,  because  the  anterior  branch,  being  destined  to  supply  a 
greater  portion  of  the  body,  requires  to  be  larger.  1  do  not  find 
this  decussation  described  in  any  anatovucal  book,  which  I  have  at 
liand  ;  but  the  slightest  inspection  will  demonstrate  it.  The  law 
of  this  decussation  is  maintained  even  in  very  inferior  animals ;  for, 
in  those  which  have  no  vertebrce  and  in  which  the  spinal  marrow  ia 
formed  below  the  ossophagua  by  the  union  of  the  two  crura  of  the 
cerebellum,  though  the  two  fasciculi  generally  remain  distinct 
ihroiighout  the  greater  part  of  their  length,  yet  they  always  unite 
at  different  spaces  by  knots  whenever  a  nerve  is  given  off!  Thus 
each  liranch  is  composed  from  io/k  tools:  and  it  is  only  from  the 
branches  ibus  composed,  and  by  no  means  from  the  roots,  that  the 
nerves  the  Doctor  speaks  of  are  distributed  :  hence  it  is  not  won- 
derful that  they  give  bolh  sensation  and  voluntary  motion.  These 
Iranches,  however,  the  Doctor  calls  "  the  two  roots  of  nerves  of 
each  half*  of  the  spinal  marrow,  namely,  the  anterior  and  poste- 
rior ;  "  and  asserts,  as  is  seen  above,  that  these  identical  hoots  of 
each  Aa//"of  the  spinal  marrow  "  go  todiflvrent  parts  of  the  body!" 
Every  anatomist  and  every  anatomical  work  declares  that  from  the 
roots  no  twig  proceeds  either  to  skin  or  muscles;  and  if  it  were  not 
obvious  that  the  Doctor  had  mistaken  the  branches  for  the  roots,  I 
should  be  apt  to  think  thiit,  in  his  "  careful  examination  of  the 
Structure  of  the  spinal  mass  of  nerves,"  the  Doctor  had  refuted  the 
whide  of  them. 
I  have  now  to  mention,  that  even  some  of  those  anatomists  who 

a  atrrnal  and  dorsal  luUf 
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succeeded  Willis  conjectured  that  there  were  cerebral  and  cerc- 
bellic  nerves.  They  indeed  only  conjectured  this  ;  and  they,  more- 
over, erred  by  distinguishing  them  into  vital  and  animal.  The  vital 
Derves,  said  they,  are  chiefly  derived  from  the  cerebellum,  and  the 
animal  from  the  cerebrum.— ^They  have  believedy  says  Haller,  that 
several  nerves  have  roots  partly  from  the  cerebellum.  But  Haller 
objects  that  the  fifth  pair  arising,  as  he  says,  from  the  cerebellum, 
is  appropriated  both  to  sense  and  to  motion  ;  "  nor  would,*'  says  he, 
*^  Nature  have  so  solicitously  blended  both  species  of  nervous  fibres 
if  their  nature  had  been  different,"  and  if,  he  might  have  added, 
they  had  been  destined  to  supply  totally  distinct  parts  of  the  body* 
He  shows  also,  that  some  of  those  nerves  which  they  believe  to 
have  some  origin  from  the  cerebellum,  have  nothing  to  do  with 
vitality  ;  and  he  adduces  various  other  objections.  Speaking  of  the 
possibility  of  fibrils  of  different  kinds  l)cing  in  the  same  nerve, 
Haller  also  says,  ^^  Infinitum  ad^infinitessimum  possis  deponere, 
iialli  hominem,  qui  Dei  consilia  voluerit  conjectura  expiscari.** 
£ven  Haller,  however,  when  speaking  of  the  double  series  of  roots 
of  the  spinal  nerves,  involuntarily  allows  some  connection  of  that 
kind  ;  for  he  says,  ^^  quarum  anterior  altera  ineodem  cum  cerebral- 
ibus  nervis  ordine  pergit,  posterior  medullse  propria  est,  et  demum 
sub  fine  quarti  ventriculi  incipit. 

In  proof,  however,  that  the  sensitive  and  motive  nerves  ace  per- 
fectly distinct,  I  can  quote  for  Dr.  Leach  a  much  better  authority 
than  that  of  any  old  author :  first,  that  of  reason,  which  tells  us, 
that  as  sensation  cannot  reach  the  cerebrum  without  an  ascending 
motion-^a  motion  towards  the  brain ;  as  the  consequent  volition 
cadnot  affect  the  muscles  without  a  descending  motion — a  motion 
from  the  brain ;  and  as  it  is  contrary  to  all  analogy  that  there  should 
be  motion  in  opposite  directions  in  the  same  tubes  of  neurilema— - 
for  these  reasons,  there  must  be  a  series  of  nerves  appropriated  to 
each :  and,  secondly,  the  authority  of  anatomy,  which  shows  us 
that,  though  nerves  supplying  parts  which  are  contiguous  in  position 
but  different  in  nature  often  run  in  one  common  sheath,  yet  on 
arriving  at  the  spinal  marrow  they  split  into  two  roots,  as  they  are 
termed ;  that  these  roots  are  quite  different  in  form,  the  anterior 
being  more  fibrous,  and  the  posterior  more  simple  and  round  ;  that 
the  anterior  roots  join  the  anterior  columns  of  the  spinal  marrow, 
and  the  posterior  roots  the  posterior  columns ;  that  these  columns 
actually  do  join  the  cerebrum  and  cerebellum  respectively ;  and  that 
even  those  cerebral  nerves  which  are  at  once  nerves  of  sensation  and 
volition  have  two  roots,  one  from  the  cerebrum,  and  another  from 
the  cerebellum.  This  may  be  most  easily  observed  in  the  seventh 
pair  or  facial  nerves,  the  origin  of  which  has  hitherto  been  mis- 
taken by  all  anatomists.  They  directly  penetrate  the  medulla 
oblongata  from  its  lower  to  its  upper  surface ;  and,  throughout  this 
very  considerable  internal  passage,  each  nerve  consists  of  twc 
fectly  distinct,  silvery  and  glistening  cords,  of  which  one  w 
^rebellum,  and  the  other  runs  onward  to  xVve  ct\0ot\ivsx«    if 
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easily  be  seen  by  any  anatomist  who  chooses  to  look  at  the  subject 
itSL'ir,  instead  of  only  making  such  a  "  careful  examination  '  as 

(Dr.  Leach  last  instituted  on  "  the  spinal  mass  of  nerves." 
■  The  views  which  1  have  now  taken  enable  me  to  answer  a  most 
important  question  on  this  subject,  which  has  twice  been  put  by 
jgoemmerring.  After  stating  the  opinion  tliat  the  use  of  the  ganglia 
h  to  place  certain  parts  out  of  the  power  of  the  will,  or  to  change 
]K>luntary  into  spontaneous  motions,  he  asks  why  the  spinal  ganglia 
iuK  formed  only  on  the  posterior  roots — "  Qua  causa  est,"  says  hoj 
"  cur  in  radice  posteriore  tantum  nervorum  spinalium  ganglia  inve- 
niuntur,  minime  autem  in  priore !  "  And  again,  "  Cur  radis  prior 
nervorum  apiiife  medullar,  adeo  vicina,  ganglia  non  immiscilur!" 
The  obvious  answer  to  these  two  questions  is,  that  the  anterior 
Tools,  as  staled  above,  have  nothing  to  do  with  motion— are  those 
of  sensation  alone;  while  the  posterior,  being  those  of  moiion,  it 
is  on  them  alone  that  ganglia  can  be  necessary  to  impede  the  im- 
pulse of  the  will,'  or  to  change,  iu  some  of  their  fibrils,  voluntary 
into  involuntary  moiion. 

-  Now  as  in  this  situation,  ganglia  impede  voluntar)'  motion,  so  in 
Others  do  they  impede  sensation,  and  prevent  the  brain  being  dis- 
turbed by  Eill  the  impressions  on  the  viscera,  which  would  have  been 
incompatible  with  thought.  Such,  then,  are  the  ganglia  of  the 
vipcera,  &c, ;  for  wherever  the  anterior  spinal  branch  communicates 
lyith  the  great  sympathetic,  there  is  a  ganghon  at  the  place  of  thii 
union.  Thus  there  are  ganglia  of  sensation  as  well  asganglift  of 
notion ;  and  these  ganglia  are  always  as  near  as  possible  to  the 
origins  of  their  respective  nerves  ; — in  otiier  words,  as  these  sensitive 
or  ascending  nerves  originate  from  the  internal  surfaces  of  the  body, 
their  ganglia,  which  prevent  sensation  reaching  the  sensorium  com- 
mune and  becoming  perception,  are  placed  nearer  to  their  system — - 
the  great  sympathetic  nerve,  and  the  organs  from  which  they  arise ; 
and  as  the  motive  or  descending  nerves  originate  from  the  cere- 
|>ellum,  their  ganglia,  which  prevent  volition  reaching  certain 
inuscular  parts,  arc  placed  nearer  to  their  system  —  the  cere- 
bellum, &c.  That  the  ganglia  are  admirably  adapted  thus  to 
impede  sensation,  as  I  have  stated,  and  volition  as  conjectured  by 
Johnstone,  and  confirmed  by  these  remarks,  is  evident  from  the 
observation  of  Cuvier,  that  the  ganglia  of  red-blooded  animals  do 
aot  differ  much  from  nervous  plexus ;  that  even  the  simple  ganglia, 
or  those  formed  by  a  single  nerve,  are  resolved  by  maceration  into 
several  filaments  which  anastomoze  together ;  and  that  in  the  Crus- 
tacea, insects,  and  worms,  the  ganglia  are  mere  homogeneous  en- 
largements of  the  medullary  cord  to  which  they  belong.  All  of 
these  circumstances  are  well  adapted  to  impede  the  motion  whick 
takes  place  in  them — a  motion,  however,  which  is  only  of  this 
kind,  that  each  globule  communicates  its  impulse  to  a  succeeding 
one ;  and,  as  the  last  of  a  series  of  globules  must  thus  move  the 
jnstant  that  (he  first  is  impelled,  the  extreme  velocity  of  nervou* 
arljoa  is  thus  conceivable.     It  does  not  follow,  however,  that  all  the 
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fibrils  of  nerves  on  which  ganglia  arc  foraied  belong  to  impeded 
sensation  or  impeded  (involuntary)  motion ;  for,  in  the  ganglia^ 
many  nervous  jBbrih  are  seen  running  over  the  whole  length  of  the 
ganglion,  and  forming  no  involvement  with  it.  This  circumstance 
of  there  being  two  kinds  of  ganglia  will  be  found  to  obviate  many 
difficulties  which  have  hitherto  attended  the  physiology  of  these 
bodies. 

The  leading  heads,  then,  of  this  new  system  of  the  intellectual 
functions  are  as  follows  : — 

1,  That  the  nerves  of  sensation  arise  in  the  organs  of  sense,  and^ 
by  means  of  the  anterior  fibrils,  terminate  in  the  anterior  columns 
of  the  spinal  marrow. 

2.  That  those  nerves  of  sensation  which  do  not  terminate  in  these 
;i*olumns,  pass  directly  to  the  cerebrum. 

S«  That  the  anterior  columns  of  the  spinal  marrow  terminate  also 
in  the  anterior  part  of  the  cerebrum. 

4.  That  these  nepres  and  columns  are  the  sensitive  or  ascending 
nerves  and  columns. 

5«  That  it  is  in  this  way  that  sensation  becomes  perception,  and 
that  are  excited  in  the  cerebrum  the  faculties  analysed  by  Gall  and 
Spurzheim. 

•  6.  That  the  cerebral  influence  passes  to  the  cerebellum  by  means 
€>f  the  corpora  striata  posteriora  or  thalami,  the  anterior  peduncles  of 
the  cerebellum,  &c. 

7.  That  the  cerebellum  is  the  organ  which  gives  impulse  to  all 
muscular  motion,  voluntary  and  involuntary. 

8.  That  the  posterior  columns  of  the  spinal  mart'ow  originate  in 
the  cerebellum. 

9.  That  from  the  cerebellum  arise  also  several  nerves  of  volition. 

10.  That  those  nerves  of  volition  which  do  not  arise  directly 
fipom  the  cerebellum,  spring  from  the  posterior  columns  of  the 
spinal  marrow  by  means  of  the  posterior  fibrils. 

11.  That  these  nerves  and  columns  are  the  motive  or  descending 
nerves  and  columns. 

12.  That  as  there  are  two  great  encephalic  organs,  two  anterior 
and  two  posterior  columns  of  the  spinal  marrow,  and  two  series  of 
nerves,  so  there  are  two  series  of  ganglia — ganglia  on  the  sensitive 
and  ganglia  on  the  motive  nerves. 

'  13*  That  the  intensity  of  the  intellectual  functions  is  as  the 
length  of  their  organs,  and  the  permanence  of  these  functions  as 
the  breadth  of  their  organs. 

I  believe  that  not  one  of  these  statements  were  ever  made  by  any 
one  before  they  were  made  either  here  or  elsewhere  by  myself;  biit 
should  07^  of  them  have  been  previously  made  on  any  raftional 
ground,  1  shall  feel  no  pain  in  resigning  the  merit  or  demerit  of 
their  discovery  to  its  proper  author.  Still  less,  of  course,  has  the 
general  system  which  I  now  advance  been  thought  of  -bv  any  one. 

It  appears,  then,  that  there  is  a  species  of  cm  thft 

fiervous  system,  of  which  I  have  sketched  tVve 
furious  and  admirabh  as  that  wb''*^  <*x\sla  W 
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centre  of  the  one  being  the  heart,  and  of  the  other  the  head) ;  and 
that  (here  is  scarcely  any  point  of  the  body  which  this  circle  does 
not  involve  and  rest  on,  since  from  almosl  every  point  ascends 
impression  lo  the  cerebrum  by  a  nerve  of  sensation,  the  anterior 
nervous  roots,  iind  the  anterior  columns  of  the  spinal  marrow  ;  and 
to  each  returns  expression  from  the  cerebellum  by  the  posterior 
columns,  the  posterior  nervous  roots,  and  the  nerves  of  volition. 
Nothing  perhaps  more  than  this  beautiful  correspondence  belween 
ihe  vital  and  intellectual  systems  is  calculated  to  raise  the  mind  to 
\am  of  whom  the  wisdom  is  testified  by  all  that  lives,  from  the  most 
simple  to  the  most  complex  of  beings — from  the  polyp  which  can 
boast  no  other  orgao  tlian  a  stomach,  to  man  who  has  an  intellectual 
Byslem  thus  wonderfully  complex  and  beautifully  symmetrical. 
Having,  Sir,  been  long  engaged  in  dissections  of  the  brain  of 
ihcs,  amphibia,  and  birds,  in  order  further  to  illustrate  and  esia- 
ilish  these  important  truths,  I  shall,  on  their  conclusion,  be  happy 
lo  communicate  them  through  the  medium  of  your  Journal.  But 
you  will  excuse  my  in  future  not  replying  lo  statements  so  hastily 
made  as  those  in  answering  which  I  have  been  reluctantly  com- 
pelled to  occupy  so  much  of  your  present  number — statements  in 
which  a  confident  reference  is  made  to  a  book  for  a  doctrine  whicli 
that  book,  on  the  contrary,  most  pointedly  contradicts ;  and  to  the 
animal  body  for  a  structure  which  has  no  other  foundation  ihao  la 
the  w-riter's  mislaking  the  branches  of  a  nerve  for  its  roots. 
I  am,  Sir,  whh  great  respect, 

Your  most  obedient  servant, 

Alexander  Walk£B, 


Article  VII. 
A  Memoir  on  Iodine,    By  M.  Gay-Lussac. 

{Continued  from  vol.  v.  p.  413.) 

Olservatiom  on  Chlorine. 
-  The  analogy  which  I  have  established  between  chlorine,  sul* 
phuv,  and  iodine  may  serve  to  throw  some  Ijght  on  some  of  the 
combinations  of  chlorine,  as  I  shall  endeavour  here  to  show. 

M.  Thenard  and  myself  were  the  first  persons  who  showed  by  a 
numerous  series  of  experiments,  that  oxymuriatic  acid  might  be 
considered  as  a  simple  substance,  as  there  was  no  direct  means  of 
showing  tlie  presence  of  oxygen  in  it.  We  had  even  given  this 
hypothesis  at  full  length,  in  a  memoir  which  wc  read  to  the  Society 
of  Arcueil,  on  the  2G(h  of  February,  1809;  but  it  appeared  so 
extraordinary,  that  M.  Berlbollet  prevailed  upon  us  to  state  it  with 
the  greatest  reserve.  In  fact,  though  Davy  has  announced  in  his 
memoir  on  o.v^vn uria tic  atld,  tliat  this  hypothesis  had  been  ad- 
vaaced  by  Scheele,  it  was  entirely  new,  ani  H  »Y^ait6.  esAiaj- 
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ordinary  only  because  it  was  in  opposition  to  a  manner  of  thinking 
fortified  by  long  habit  and  by  many  good  experiments.  It  was 
making  a  great  step  towards  the  knowledge  of  the  real  nature  of 
osymuriatic  acid,  to  have  questioned  the  received  opinions  respect-^ 
ing  the  nature  of  this  acid :  for  it  is  much  easier  to  find  a  new  trutti 
than  to  detect  an  old  error.  And  we  claim  it  as  our  own  property, 
that  we  first  perceived  that  oxymuriatic  acid  might  be  considered  as  a 
simple  body.  Davy,  in  adopting  the  conclusion  which  we  had 
drawn  from  our  experiments,  has  added  nothing  to  its  certainty ; 
but  we  must  admit  that  he  has  illustrated  it  at  great  length,  and  by 
the  influence  of  his  great  abilities,  has  contributed  very  much  to 
propagate  it.  I  ought  to  observe,  however,  that  M.  Dulong  and 
M.  Ampere  had  adopted  it  long  before  Davy,  and  that  I  myself 
had  always  stated  it  as  the  most  probable  opinion,  in  the  courses  of 
chemistry  which  I  delivered  at  the  Polytechnic  School.  At  present 
the  discovery  of  iodine  appears  to  have  fixed  the  opinion  of  the 
French  chemists  on  the  nature  of  oxymuriatic  acid.  I  shall  there* 
fore  refrain  from  all  discussion  on  the  subject. 

Admitting  then  that  oxymuriatic  acid  is  a  simple  body,  it  be- 
comes in  the  first  place  necessary  to  introduce  a  modification  into 
the  proportions  of  the  muriates.    But  as  this  does  not  follow  imme* 
diately,  from  oxymuriatic  acid  being  a  simple  substance,  it  may 
be  necessary  to  justify  it.     Admitting  a  muriate  to  be  a  combina-* 
tion  of  muriatic  acid  and  an  oxide,  it  is  possible  that  the  hydrogen 
of  the  acid  and  the  oxygen  of  the  oxide  may  not  form  water;  but 
may  remain  in  the  salt.    I  exposed  in  succession  barytes,  strontian, 
lime^  and  oxide  of  zinc,  to  the  action  of  dry  hydrochloric  gas,  in 
a  glass  tube,  to  a  temperature  approaching  to  a  red  heat,  and  I 
always  obtained  a  great  deal  of  water.    To  verify  the  same  fact  on 
potash,  I  put  about  a  gramme  of  potassium  in  a  platinum  crucible, 
tdelted  it,  and  plunged  it  into  a  glass  Vessel  filled  witUhydrochloric 
gas.     When  the  combination  appeared  complete,  I  weighed  the 
crucible  exactly,  and  then  poured  water  on  the  salt,  which  occa* 
sioned  no  effervescence.    The  salt  beeng  dried  in  a  low  temperature, 
was  found  not  to  have  increased  in  weight,  nor  after  being  fused 
was  it  found  to  have  lost  any  thing.     We  ought  then  to  admit  it  as 
a  certain  fact,  that  the  muriates  are  all  changed  into  chlorurets 
when,  melted^  or  even  dried,  and  some  of  them  even  by  being 
crystallized.     We  may  suppose,  as  we  have  done  for  the  iodurets, 
that  the  chlorurets  dissolve  in  water  without  undergoing  decompo- 
sition, and  that  when  we  unite  hydrochloric  acid  with  an  oxide, 
the  hydrogen  of  the  acid  and  the  oxygen  of  the  oxide  form  water.* 
Whether  this  be  the  case  or  not,  nothing  but  chlorurets  exist  at  a 
red  heat.     It  is  therefore  of  these  compounds  that  it  is  necessary  to 
determine  the  proportions. 

I  have  found  (Mem.  d'Arcueil,  ii.  168)  that  100  parts  of  silver 
take  7'6  of  oxygen.  Berzelius  instead  of  that  number  gives  7''^4- 
Though  it  be  difficult  to  say  which  is  most  exact,  I  shall  adopt  thi$ 
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last  number,  and  will  admit  further  with  Berzelius,  taking  the 
mean  of  his  results  that  1 00  parts  of  muriatic  acid  free  from  water 
combine  with  424*92  oxide  of  silver.*  Now  these  424-5)2  oif 
os^ide  are  composed  of  395*50  of  silver,  and  29*42  of  oxygen. 
And  since  in  the  muriate  the  silver  is  in  the  metallic  state,  wemust^ 
in  order  to  have  the  weight  of  the  chlorine,  add  that  of  the  oxy-^ 
gen  to  the  weight  of  acid  which  we  supposed  to  be  combined  with 
the  oxide.  We  shall  thus  obtain  for  the  composition  of  chloruret 
of  silver 

Chlorine    100  +  29-42  ==   129-42 

Silver  .  ^ 395-50 

Or        Chlorine 100 

Silver 30559 

Thus,  having  the  proportions  of  the  muriates^  we  must,  in  order 
to  obtain  those  of  the  chlorurets,  add  to  the  quantity  of  muriatic 
acid  that  of  the  oxygen  supposed  to  be  combined  with  the  base. 

According  to  the  preceding  ratio,  and  the  composition  of  muriate 
of  potash>  as  found  by  Berzelius,  namely : 

Muriatic  acid 36*566 

Potash 63*434 

The  chloruret  of  potassium  is  composed  of 

Chlorine    100- 

Potassium 111*310 

And  potash  of 

Potassium 100 

Oxygen 20*425 

I  have  adopted  this  last  proportion,  which  differs  but  little  from 
that  obtained  directly  by  M.  Thenard  and  myself. 

We  find  likewise  from  the  same  data,  that  the  ratio  of  oxygen 
to  chlorine  i^that  of  10  to  43*99,  or  in  round  numbers  10  to  44. 
It  is  therefore  nearly  three  times  as  great  as  that  of  oxygen  to 
iodine.  If  from  the  ratio  of  oxygen  to  iodine  and  chlorine  we 
seek  the  density  of  chlorine,  on  the  supposition  that  that  of  iodine 
is  8*6095,  as  we  found  it  above ;  we  find  that  it  is  2*4275  instead  of 
2*421,  which  was  deduced  from  the  supposition  that  the  specific 
gravity  of  hydrochloric  gas  is  1*247. 

The  great  analogy  which  I  found  between  iodine  and  chlorine 
ought  naturally  to  lead  me  to  believe  that  the  salts  known  by  the 
name  of  hyper-^xy muriates,  are  analogous  to  the  iodates;  that  is 
to  say,  that  they  are  combinations  of  the  alkali>  with  an  acid  com- 
posed of  oxygen  and  chlorine. 

It  is  easy  to  see  that  on  this  hypothesis  the  acid  cannot  be  the 
gas  found  by  Davy,  and  called  by  him  euchlorine.  Chemists  are 
xii^arly  agreed  that  100  parts  of  byper-oxy muriate  of  potash^  wheli 
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decomposed  by  heat,  give  out  about  38*88  of  oxygen,  and  that 
there  remain  61*12  of  what  has  been  considered  as  neutral  muriate 
of  potash;  but  which  is,  in  fact,  chloruret  of  p<>tassium.  From 
the  proportions,  given  above,  the  61*12  contain  28*924  chlorine^ 
and  32*196  potassium.  Now  this  quantity  of  potassium  would 
take  6*576  of  oxygen  to  convert  it  into  potash.  There  remain,  of 
consequence,  38*88  —  6*5/6  =  32*304  for  the  28*924  of  chlo- 
rine ;  hence  the  acid  which  I  suppose  to  exist  in  hyper-oxymuriate 
of  potash  must  be  composed  of 

Chlorine 100 

Oxygen   11 1*68 

and  the  oxygen  will  be  to  the  chlorine  in  a  proportion  five  times 
greater  than  that  which  I  have  already  given.  It  deserves  attention 
that  the  proportion  in  weight  of  the  potassium  in  the  chlorurety 
iodujret)  and  sulphuret,  is  nearly  the  same  as  that  of  the  oxygea 
in  the  chloric,  iodic,  and  sulphuric  acids. 

According  to  Davy  euchlorine  gas  contains  one  volume;  of  chlo- 
rine and  half  a  volume  of  oxygen  ;  and  taking  2*421  for  the  spe- 
cific gravity  of  chlorine,  we  find  that  euchlorine  is  composed  by 
weight  of 

Chlorine 100 

Oxygen 22*79 

This  last  number,  multiplied  by  5,  gives  113*95,  and  though  it 
differs  from  111*68,  we  may,  notwithstanding,  conclude,  that  the 
acid  existing  in  the  hyper-oxymuriates,  which  I  shall  hencefortj^ 
call  chloric  acid,  contains  five  times  as  much  oxygen  as  euchlorine 
gas. 

If  we  dissolve  chloruret  of  potassium  (composed  of  100  chlorine 
and  111*31  potassium)  in  water,  and  suppose  that  the  water  is  de« 
composed,  we  will  have  hydro-chlorate  of  potash,  admitting  the 
oxygen  to  combine  with  the  potassium  and  the  hydrogen  with  the. 
chlorine.  But  if  we  suppose  the  oxygen  to  unite  with  the  chlorine^ 
we  form  exactly  euchlorine  gas.  I  consider  this  gas  formed  by  the 
combination  of  two  parts  in  volume  of  chlorine  and  one  of  oxygen, 
as  analogous  to  the  protoxide  of  azote,  which  contains  two  volumes 
of  azote  ^nd  one  of  oxygen.  Hence  I  propose  to  distinguish  it  by 
the  name  of  oxide  of  chlorine.  We  may  likewise  distinguish  by 
the  names  of  oxide  of  sulphur  and  oxide  of  iodine^  combinations 
of  sulphur  and  iodine  with  oxygen,  in  the  same  proportions  ia 
volume.  The  first  gives  by  weight  about  10  oxygen  and  20  sul- 
phur; the  second  10  oxygen  and  156*21  iodine.  I  think  it  very 
probable  that  chlorous  and  iodous  acids  exist  analogous  to  the  sul- 
phurous and  nitrous,  which  ought  to  be  composed  of  "one  volume 
of  chlorine  or  vapour  of  iodine,  and  1*5  of  oxygen. 

It  appears  to  me  demonstrated  from  the  quantity  of  oxygen  ia 
oxide  of  chlorine,  that  this  oxide  does  not  exist  in  the  hyper- 
oxymuriates,      D^vy,  however,  is  of  a  different  opinion,   foe  he^ 
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says  that  "  euchloriiife  produces  the  phenomena  wliidi  Chenevix  in 
his  paper  on  oxymuriatic  acid  ascribes  to  hyper-oxy muriatic  acid  :" 
and  that  "  it  is  probably  combined  with  tlie  peroxide  of  potassium 
in  the  hyper-o!cy muriate  of  poiash."  But  I  shall  dcmonsirale  that 
this  is  not  the  case,* 

We  must  admit  it  as  an  incontestable  principle,  csiablished  by 
BcTthollet,  that  an  acid  put  into  a  saline  soluiiun  acts  on  the  base 
of  the  salt,  and  separates  a  portion  of  it  from  its  acid.  This  prin- 
ciple holds  especially  with  the  strong  acids  when  brought  in  com- 
petiiion  with  the  weak  acids.  On  the  other  side,  we  must  recollect, 
that  peroxide  of  pota_ssIum  docs  not  combine  with  sulphuric  acid, 
and  that  as  soon  as  these  two  bodies  are  brought  in  contact,  osygea 
is  disengaged.  Hence,  if  hyperoxy muriate  of  potash  were  pro- 
duced by  the  combination  of  euclilorine  with  peroxide  or  potash, 
there  ought  to  be  disengaged  oxygen  gas,  when  diluted  EulphuHn 
acid  is  poured  into  a  solution  of  this  salt.  Since  at  least  the  euchio 
rine,  a  gaseous  oxide,  whose  acid  properties,  if  it  has  any,  are 
very  weak,  will  be  partly  separated  by  the  sulphuric  acid,  and  this 
acid  is  incapable  of  dissolving  peroxide  of  potassium.  But  nb 
oxygen  is  disengaged,  and  consequently  llie  potassium  is  not  in  the 
state  of  peroxide  in  hyper- oxy muriate  of  potash..  Besides,  even 
supposing  potash  super- oxygenated  in  the  hyperoxymurlate,  It  ought 
to  contain  five  times  its  usual  quantity  of  oxygen,  a  conclusioa 
which  it  would  be  very  difficult  to  admit.  The  fact  i',  that  potas- 
lium  is  in  the  same  degree  of  oxydation  in  the  hyper-oxyinuriate 
as  in  the  sulpiiate,  as  1  shall  now  demonstrate,  by  giving  an  account 
of  the  real  acid  which  forms  the  fulminating  salts  of  chlorine. 

In  consequence  of  the  above  considerations,  I  was  led  to  believej 
that  since  sulphate  of  barytes  is  insoluble,  and  barytes  is  not  super- 
oxydated  in  this  salt,  if  sulphuric  acid  be  put  into  the  hyper-oxy- 
muriatc  of  biirytes,  it  would  be  easy  to  see  if  oxygen  he  disengagcd> 
and  perhaps  even  to  obtain  chloric  acid.  I  accordingly  prepared  a 
certain  quantity  of  ihis  salt,  employing  the  ingenious  process  of 
Mr.  Chenevlx,  and  I  obtained  it  easily  in  fine  rhoniboidal  piisms, 
quite  exempt  from  muriale.  Into  a  diluted  solution  of  this  salt  I 
poured  weak  sulphuric  acid.  Though  1  only  added  a  few  drops  of 
acid,  not  nearly  enough  to  saturate  the  barytes,  the  liquid  became 
sensibly  acid,  and  not  a  bubble  of  oxygen  escaped.     By  continiiiDg 
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to  add  sulphuric  acid  with  caution,  I  succeeded  in  obtaining  an 
ttcid  liquid  entirely  free  from  sulphuric  acid  and  barytes,  and  not 
precipitating  nitrate  of  silver.  It  was  chloric  acid  dissolved  in 
water.     Its  characters  are  the  following. 

This  acid  has  no  sensible  smell.  Its  solution  in  water  is  perfectly 
colourless.  Its  taste  is  very  acid,  and  it  reddens  litmus  without 
destroying  the  colour.  It  produces  no  alteration  on  solution  of 
indigo  in  sulphuric  acid.  Light  does  not  decompose  it.  It  may 
be  concentrated  by  a  gentle  heat  without  undergoing  decomposition^ 
or  without  evaporating.  I  kept  it  a  long  time  exposed  to  the  air, 
without  perceiving  that  its  quantity  diminished  sensibly.  When 
concentrated  it  has  somewhat  of  an  oily  consistency.  When  ex- 
posed to  heat  it  is  partly  decomposed  into  oxygen  and  chlorine^  and 
partly  volatilized  without  alteration.  Hydrochloric  acid  decomposes 
It  in  the  same  way  at  the  common  temperature.  Sulphurous  and 
hydro-sulphuric  acids  have  the  same  property;  but  nitric  acid  pro- 
duces no  change  upon  it.  I  combined  it  with  ammonia,  and  ob- 
tained a  very  fulmmating  salt,  announced  for  the  first  time  by  Mr. 
Chenevix.  With  potash  I  produced  hyper-oxy muriate  with  all  its 
characters*  It  does  not  precipitate  nitrate  of  silver  nor  any  other 
metallic  solution.  It  readily  dissolves  zinc,  disengaging  hydrogen  j 
but  it  appeared  to  me  to  act  slowly  on  mercury.*  This  acid  with- 
out doubt  cannot  be  obtained  in  the  gaseous  state.  As  it  contains 
fivic  times  as  much  oxygen  as  the  oxide  of  chlorine,  which  is  so 
easily  decomposed,  we  cannot  doubt  that  it  is  the  water  which 
leeps  its  elements  united,  as  is  the  case  with  nitric  and  sulphuric 
acids.  In  this  point  of  view  the  water  acts  the  same  part  as  the 
salifiable  bases.  But  as  it  does  not  neutralize  the  bodies  which  it 
holds  in  solution,  on  account  of  the  perfect  equilibrium  which 
exists  between  the  acidifying  properties  of  the  oxygen  and  the  atka* 
lifying  properties  of  the  hydrogen,  and  because  its  affinities  are 
much  weaker  thdn  those  of  the  bases,  it  serves  merely  to  unite  the 
elements,  and  allows  us  to  study  the  characters  of  the  combinatious 
which  it  forms,  as  if  they  were  independent  of  its  presence. 

The  theory  of  the  chlorates  will  not  now  present  any  difiiculty. 
They  are  salts  formed  by  the  combination  of  chloric  acid  with 
bases,  and  are  entirely  analogous  to  the  iodates.  Some  obscurity, 
however,  may  remain  aliout  the  circumstances  of  their  formation^ 
when  an  alkaline  solution  is  saturate  with  chlorine.,  I  shall  there- 
fore endeavour  to  throw  some  light  on  the  subject.  I  shall  com- 
aience  by  determining  theoretically  the  ratio  of  the  quantities  of 
cfaloruret  of  potassium  and  chlorate  of  potash  which  form  at  ]tfae 
lame  time,  and  theii  I  ihall  inquire  if  it  agrees  with  that  which 
experience  gives. 

•  It  is  composed  of  I  volarae  of  chlorine  and  2*5  of  oxygen,  er  by  wcigbt  of 
100  cblorise  and  113*95  oiygen,  suppotiiug  the  specific  gravity  of  cblorine  to  be 
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I  have  already  remarked,  that  from  100  parts  of  chlorate  of 
potash  we  may  obtain  38'88  of  oxygen  and  6l'l2  of  chloniret  of 
potassium,  and  that  this  chloniret  is  composed  of  2S*924  chlorine, 
and  3219S  metal.  Further,  as  I  have  demonstrated  Uiat  potassium 
b  in  the  state  of  potash  in  the  chlorate,  we  must  give  it  6'57'»  of 
the  38'S8  of  oxygen.  There  will  remain  32'304  to  conveit  the 
29'924  of  chlorine  into  chloric  acid.  But  what  hypothesis  soever 
we  adopt  with  respect  to  the  existence  of  the  hydrochlorates,  the 
oxygen  can  only  have  been  furnished  to  the  cliloriue  either  by  lh« 
potash  or  the  water.  On  the  first  supposition  there  will  be  formed 
evidently  a  quantity  of  chloruret  of  potassium,  proportional  to  the 
quantity  of  osygen  which  the  potash  has  furnished  to  the  chlorine. 
And  as  that  obtained  from  the  decomposition  of  the  chlorate  is 
neutral,  and  that  it  is  equally  proportional  to  the  oxygen  which  its 
potassium  would  take  to  be  converted  into  potash,  we  see  tlat  the 
quantity  of  chloruret  of  potassium  which  forms  at  the  same  time 
with  the  chlorate,  will  he  to  that  of  the  chloruret  obtained  from 
the  decomposition  of  the  same  chlorate,  as  32'30+  to  (»-576,  or 
nearly  as  5  to  I ;  and  the  quantity  of  chlorate  will  be  to  that  of 
the  chloruret  formed  at  the  same  time  as  100  to  500'2. 

On  the  second  supposition  such  a  quantity  of  water  will  be  de- 
composed, that  there  will  result  32'a04  of  oxygen  for  the  chlo- 
rine, that  is  to  say,  3G-59,  and  the  corresponding  hydrogen  will 
form  with  the  chlorine  hydrochloric  acid,  which  will  saturate  the 
potash.  We  will  tJien  have  for  the  proportion  of  chlorate  to  hydro- 
chlorate,  100  to  300-2  +  36-59;  or  100  to  336-79.  We  must 
suppose  that  tlie  hydrochlorate  remains  in  solution  in  water ;  for  I 
have  demonstrated,  that  as  soon  as  the  water  is  removed,  t^ven  by  a 
Tcry  gentle  evaporation,  it  is  converted  into  chloruret  of  potassium. 
■  The  proportion  of  100  chlorate  to  300-2  chloruret,  which  I 
have  just  determined  is  very  different  from  that  found  by  .expe- 
rience. Mr.  Chenevix,  in  his  paper  on  oxymuriatic  acid  {Pliil. 
Trans,  xcii.  132)  finds  that  there  are  formed  16  parts  of  chlorate 
for  81  of  chloruret.  Correcting  this  ratio  from  his  data,  and  the 
results  which  I  have  just  established,  I  find  U-4  of  chlorate  to 
85-6  of  chlocuret,  or  100  to  595-4.  M.  Berthollet  (Stat.  Chim. 
ii.  198)  says,  that  he  obtained  a  proportion  still  weaker.  If  these 
proportions  were  nearly  exact,  it  would  follow,  that  we  have  not 

t  attended  to  all  the  circumstances  which  accompany  the  formation  o£ 
chlorate  and  chloruret ;  for  otherwise  what  hypothesis  soever  we 
adopt,  the  proportions  of  chlorate  to  chlwuret  and  to  hydro- 
chlorate,  cannot  differ  from  those  which  I  have  just  established, 
supposing  the  data  correct  from  which  I  set  out.  To  determine 
this  point  1  made  the  following  experiments. 

I  passed  chlorine  into  a  some^vhat  concentrated  solution  of  potash, 
till  it  refused  any  longer  to  di^olve  in  it.'*    The  liquid  was  green- 
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kb,  and  had  a  strong  odour  of  chlorine^  which  it  lost  when  heated. 
I  observed  that  during  this  process  a  little  oxygen  was  disengaged, 
and  the  liquid  became  alkaline.     Having  evaporated  it  to  dryness, 
Iputa  certain  quantity  of  the  residual  saline  mass  into  a  small  glas3 
retort,  to  the  beak  of  which  was  fitted  a  syphon-shaped  tube,  rising 
to  tbe  upper  part  of  the  vessel  in  which  the  oxygen  gas  was  collected. 
Iheated  the  retort  gradually  nearly  to  redness.     When  no  more 
oxygen  was  disengaged^  and  when  the  apparatus  had  sunk  to  its 
original  temperature^  I  brought  the  water  in  the  jar  to  a  level  with 
that  in  the  cistern,  and  withdrew  the  tube  which  had  conducted  the 
gas  into  the  jar.    By  this  method,  the  oxygen  which  remained  in 
the  tube  and  retort  was  replaced  by  an  equal  quantity  of  common 
air*     Knowing  the.  quantity  of  oxygen  disengaged,  and  of  chloruret 
remaining  in  the  retort,  it  was  easy,  on  the  supposition  that  100 
parts  of  chlorate  contain  38*88  of  oxygen,  to  determine  the  quan- 
tity of  chlorate  of  potash  mixed  at  first  with  the  chldruret  of  potas- 
tiom,  and  to  calculate  the  ratio  of  the  one  to  the  other.     By  this 
method  I  found  that  100  of  chlorate  corresponded  in  this  mixture 
to  S565  of  chloruret.     On  suturating  with  chlorine   a  solution  of 
potash  more  concentrated  than  the  preceding,  the  proportion  of 
chlorate  to  chloruret  was  still  found  sensibly  the  same.     But  when 
the  potash  was  dissolved  in  about  30  times  its  weight  of  water,  the 
mtio  of  the  chlorate  to  the  chloruret  was  then   100  to  512.     It 
results  then  from  these  experiments,  that  the  more  concentrated 
the  potash  is,  the  more  chlorate  do  we  obtain  relatively  to  the 
chloruret;  but  that  the  ratio  always  differs  from  that  of  1   to  3, 
which  calculation  gives  us.     As  1  remarked  that  the  solution  of 
potash,  though   super-saturated  ^vvith  chlorine,    is  alkaline,  when 
the  excess  of  chlorine  is  disengaged  by  heat,  I  determined  the 
quantity  of  alkali  in  excess,  by  saturating  it  with  hydrochloric  acid 
of  a  given  strength.    JBy  ^his  means  I  reduced  the  ratio  of  100 
chlorate  to  356'5  chloruret,  to  that  of  100  to  349.     I  observe 
further,  that  oxygen   is  disengaged  when  we  heat  a  solution  of 
potash  saturated  with  chlorine,  and  even  during  the  saturation  of 
the  potash,,  according  to  the  observation  of  M .  Berthollet.     But  as 
I  have  not  determined  the  quantity,  I  cannot  say  what  modification 
it  will  introduce  into  the  ratio.     However,  as  it  is  evident  that  on 
decomposing  by  heat  the  saline  mass  produced  by  the  saturation  of 
potash  with  chlorine,  we  must  obtain  a  quantity  of  oxygen  equal 
to  that  contained  in  the  alkali,  .whether  chloric  acid  be  formed,  or 
any  other  combination  of  chlorine  and  oxygen,  we  cannot  ascribe 
to  any  other  causes  than  those  of  which  1  have  just  spoken,  the 

easily  decomposed  by  heat,  and  of  burning  most  combustible  bodies,  depends  on 
tke  chlorine  preserving  all  its  caloric  when  it  combines  with  potash.  As  a  proof, 
it  was  staled,  that  during  the  combination  of  these  two  bodies,  the  temperature 
of  the  solution  did  not  sensibly  vary.  This  cause  cannot  be  true,  for  in  the  ex- 
periment of  which  I  have  just  ^pukien,  the  temperature  at  the  comm^t^nawv  ol 
the  ntiratioB  rose  from  64**  i9  174*, 
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difference  between  the  quantity  of  oxygen  whicli  I  ouglit  to  ha\a 
obtained,  and  what  1  actually  obtained  by  experiment. 

The  action  of  chlorine  on  the  oxides  is  entirely  analogous  to  that 
of  iodine  J  and  chloric  acid  is  produced  nearly  in  the  tame  circum- 
stances as  iodic  acid.  Thus  we  obtain  with  peroxide  of  mercury 
and  chlorine,  chloruret  and  clilorate,  in  the  same  manner  as  with 
iodine  and  this  peroxide  we  form  ioduret  and  iodate  of  mer- 
cury. These  different  objecis  require  new  researches,  and  it  is  to 
be  desired  that  they  may  fix  the  attention  of  chemists. 

The  chloruret  of  azote,  from  its  analogy  with  the  ioduret,  ought 
to  be  composed  of  three  parts  of  chlorine  and  one  part  of  azote ; 
but  Davy  instead  of  this  found  four  to  one.  When  we  see  azote 
forming  with  chlorine  and  iodine  very  fulminating  compounds,  we 
may  ask  whether  fulminating  gold  and  silver,  and  even  mercury, 
are  not  binary  combinations  of  azote  and  the  metal.  This  is  the 
more  probable,  as  gold,  silver,  and  mercury,  having  very  liitle 
affinity  for  oxygen,  seem  by  this  properly  to  approach  chlorine  and 
iodine. 

From  the  annlogies  which  I  have  established  in  this  memoir,  the 
reader  must  be  convinced  that  oxygen,  chlorine,  and  iodine  do  not 
form  an  insulated  group  to  which  belong  exclusively  the  property 
of  acidifying.  We  have  seen  that  this  property  belongs  likewise  to 
sulphur  and  azote,  and  to  a  great  number  of  other  bodies.  How- 
ever, oxygen  may  be  always  considered  as  the  principal  acidifying 
substance,  both  from  the  energy  with  which  it  possesses  it,  and 
from  the  numerous  acids  which  it  forms ;  and  because  we  are  only 
able  to  employ  as  solvents  liquids  containing  oxygen  or  hydrogen, 
capable  of  changing  the  nnlure  of  the  compounds  which  they  dis- 
solve. Though  chlorine  does  not  disengage  oxygen  from  alt  its 
combinations,  I  think  it  should  be  placed  before  it,  on  account  of 
the  energy  of  its  properties.  But  fluorine,  which  has  not  hitherto 
been  obtained  in  a  separate  state,  will,  without  doubt,  stand  before 
chlorine,  because  it  disengages  oxygen  from  all  its  combinations. 
It  is  to  M.  Ampere  that  we  owe  the  first  idea  that  fluoric  ncid  is 
analogous  to  hydrochloric  acid ;  that  is  to  say,  that  it  is  composed 
of  hydrogen  and  a  body  analogous  to  chlorine,  which  he  proposed 
to  call  fluorine.  Davy,  to  whom  he  communicated  that  theory  did 
not  adopt  it  nor  endeavour  to  verify  it  till  long  after,  when  M, 
Ampere  had  answered  his  objections. 
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In  deducing  the  mean  of  observations  for  June^  the  variation  of 
the  morning  observation  of  the  18th  is  rejected^  on  account  of  its 
uncommon  greatness. 
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2  Between  noon  of  the  1st  July  J  *  *'  •    "^  * 

I)v^poration  dnring  the  same  period 2*9 


Article  IX. 

A^'ALYSEs  OP  Books.        f 

Philosophical  Transactions    of  the  Royal  Society  of  Londtnt^ 
for  the  Year  1814,  Part  II. 
.This  part  contains  the  following  papers. 

I.  On  a  neuf  Principle  of  comtructing  his  Mcgesty^s  Skips  of  War^ 
By  Robert  Seppings,  Esq,  one  of  the  Surveyors  of  his  Majesty^  Navy. 
— This  method,  which  appears  to  be  the  greatest  improvement 
introduced  into  ship-building  for  many  years,  consists  in  substituting 
triangular  or  oblique  beams  for  the  parallel  ribs  which  have  hitherto 
constituted  a  ship's  frame.  This  adds  prodigiously  to  the  stiffness 
and  strength.  The  intervals  between  these  beams  are  filled  by 
solid  pieces  of  wood  driven  in  and  calked  and  pitched,  so  that  the 
ship  would  swim  even  if  the  external  coating  of  planks  were  removed. 
This  method  renders  the  internal  coating  of  planks  unnecessary^ 
and  this  adds  considerably  to  the  size  of  the  hold.  The  decks  are 
not  loose  as  was  the  case  in  the  old  system  ;  but  systematically  con* 
nected  with  the  sides  of  the  ship,  so  as  materially  to  increase  the 
strength  of  the  wHole. 

II.  Remarks  on  the  employment  of  olUque  Riders,  and  on  other 
Alferations  in  the  Construction  of  Ships.  Being  the  Substance  of  a 
Report  presented  to  the  Board  of  Admiralty ^  with  additional  De^ 

'  monstrations  and  Illustrations.     By  Thomas  Young,  M.D.  For. 
iSec.  R,  S. — la  this  paper  Dr.  Young  considers  in  the  first  place 
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the  diflferent  forces  which  act  upon  a  ship  when  sailing,  and  the 
efiects  apt  to  be  produced  by  these  forces.  He  then  examines  the 
different  arrangements  of  Mr.  Seppings,  and  shows  that  they  are 
all  improvements ;  though,  if  we  understand  him  right,  he  seems 
to  state  that  several  of  them  are  not  new. 

III.  Some  further  Observations  on  Atmospherical  Refraction.  By 
Stephen  Groombridge,  Esq.;  F.R.S. — In  a  preceding  volume  of 
the  Transactions  Mr.  Groombridge  published  a  paper  on  this  im- 
portant subject,  giving  a  formula  for  the  mean  refraction  down  to 
SOP  from  the  zenith,  deduced  from  his  own  observations.  He  has 
since  continued  his  observations  and  determined  the  refraction  as 
low  down  as  87^,  the  trees  in  Greenwich  Park  preventing  him 
from  observing  stars  any  nearer  the  horison.  He  has  made  some 
alterations  in  his  preceding  formula.  The  paper  concludes  with  a 
table  of  the  mean  refraction  from  the  zenith  to  the  horizon. 

IV.  Propositions  containing  some  Properties  of  Tangents  to 
Circles  ;  and  of  Trapeziums  inscribed  In  Circles^  and  non-inscribedm 
Together  with  Propositions  on  the  Elliptic  Representations  of  Circles 
upon  a  Plane  Surface  by  Perspective*  By  Richard  Hey,  LL.  D. 
late  Fellow  of  Sidney  Sussex,  and  Magdalen  Colleges  in  the  Uni- 
versity of  Cambridge. — It  is  not  in  our  power  to  give  any  intel- 
ligible account  of  this  curious  paper  to  our  readers  without  the 
assistance  of  figures,  and  without  introducing  demonstrations  not 
quite  consistent  with  the  nature  of  a  review.  We  must  therefore 
refer'those  who  wish  to  study  the  sub4ect  to  the  paper  itself. 

V.  On  the  netv  Properties  of  Light  exhibited  in  the  Optical 
Phenomena  of  Mother^f-Peart  and  other  Bodies^  to  which  the 
superficial  Structure  of  that  Substance  can  be  communicated.  By 
David  Brewster,  LL.D. 'F.R.S.  Edin.  and  F.S.A.  Edin.— The 
beautiful  play  of  colours  exhibited  by  mother-of-pearl,  has  beefl 
riways  ascribed  to  its  laminated  structure.  Dr.  Brewster,  however, 
observed  that  the'^same  property  was  communicated  to  wax,  gum, 
tin,  lead,  &c.,  merely  by  pressing  them  against  the  surface  of 
mother-of-pearl.  Hence  it  is  obvious,  that  the  property  is  owing 
to  the  configuration  of  the  surface.  Dr  Brewster  found  by  means 
of  the  microscope,  that  the  surface  of  mother-of-pearl  was  com- 
posed of  waving  lines,  something  like  the  skin  at  the  point  of  an 
infant's  finger.  These  lines  could  not  be  obliterated  by  grinding  or 
polishing.  They  vary  considerably  in  fineness  in  different  speci- 
mens. Sometimes  they  may  be  seen  with  the  naked  eye,  while  at 
others  more  than  3000  may  be  reckoned  within  the  space  of  an 
inch.  To  this  configuration  of  the  surface  Dr.  Brewster  ascribes 
die  property  of  mother-of-pearl  to  reflect  various  tints,  of  splendid 
colours.  Dr.  Brewster  foun4  likewise,  that  when  a  ray  of  light 
ffdls  obliquely  upon  mother-of-pearl,  both  the  portion  reflected  and 
the  portion  transmitted  are  polarized,  and  both  in  the  same  manner. 
This  is  different  from  what  happens  either  in  crystallized  or  un- 
erystallized  bodies. 

•  VI.  An  improved  Method  of  dividing  .Astronomical  Cwdes  anad. 
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other  Ti/siriinieiils.  By  Captain  Henry  Kater. — It  it  not  possiWe 
to  convey  an  adequate  idea  to  the  reader  of  the  method  of  gra- 
duating contrived  by  Captain  Kater,  without  the  assistance  of 
tiguies.  We  must  tlierefore  refer  those  who  wish  to  understand 
this  important  sul>ject  (a  the  paper  itself. 

VII.  Results  of  some  Experiments  on  the  PropeTlies  impressed 
upon  Light,  ly  the  Action  of  Glass  raised  to  different  Temperatures, 
and  cooled  under  different  Cifcianslances,  By  Dr.  Brewster. — The 
author  fuund  that  a  ray  of  light  passed  through  hot  glass  was  depo- 
larised; but  when  the  glass  cooled  the  original  polaiization  was 
restored.  Prince  Rupert's  drops  exhibited  the  same  phenomenon, 
together  with  the  coloured  rings,  which  characterise  doubly  re- 
fract lug  crystals. 

VIII.  Co?isidernlions  of  various  Points  of  jinnlysh.  By  John 
F.  W.  Herschel,  Esq.  F.R.S.  The  subjects  treated  of  in  tbis 
paper  preclude  tlie  possibility  of  abridging  it. 

iX.  Ohervations  on  the  Functions  of  the  Brain,  BySirEverard 
Home,  Bart.  F.R.S. — The  author  coneeivcs  that  it  would  greatly 
tend  to  promote  our  knowledge  of  the  uses  of  the  particular  parts 
of  the  brain,  if  anatomical  surgeons  would  collect  all  the  observa- 
tions which  they  have  an  opportunity  of  making  in  cases  of  injury 
of  that  organ.  The  present  paper  contains  an  arranged  collection 
of  his  own  observations  in  the  courae  of  his  practise.  I.  A  certain 
degree  of  pressure  is  requisite  to  keep  up  the  functions  of  the  brain. 
A  diminution  uF  it  produces  faintncss,  an  increase  insensibility. 
The  tyater  in  the  ventricles  may  increase  indefinitely  without  in- 
juring the  functions  of  the  brain,  if  the  skull  expands  !n  the  same 
proportion.  A  curious  example  of  this  is  detailed.  2.  Concussion 
of  iIk-  brain  produces  delirium  and  coma.  3,  Sudden  dilatatioa 
of  the  blood  ves:^els  of  the  cerebrum,  in  consequence  of  esposure 
to  the  sun,  is  sometimes  accompanied  by  delirium,  loss  of  speech 
and  the  power  of  swallowing.  4.  Blood  extravasated  in  the  lateral 
and  third  ventricles  was  attended  by  repeated  fits  of  vomiting  and 
coma.  Iq  other  parts  of  the  brain  it  produced  stupor,  paralysis, 
idjoiism.  5.  The  formation  of  pus  is  attended  with  delirium. 
6'.  Depression  and  thickening  of  different  portions  of  the  skull  was 
attended  with  heaviness,  torpor,  head-ache,  &c.  7-  Tumors  in 
different  parts  of  ilie  brain  produced  violent  head-aches,  apoplexy, 
loss  of  sight,  epileptic  fits,  &c.  K.  Wounds  in  the  anterior  lobes 
of  the  brain  produced  no  sensible  elfect.  Iioss  of  a  portion  of  one 
of  the  hemispheres  was  attended  with  dKTiculty  of  swallowing  for 
24  hours,  and  slight  delirium  of  short  duration.  9.  In  a  boy  in 
whom  the  tuberculum  annulare  had  become  indurated,  the  efiects 
were,  that  the  boy  had  been  an  idiot  from  his  birth,  never  walked, 
spoke,  or  understood  what  was  said.  10.  Pressure  upon  the  me- 
dulla spinalis  produces  paralysis. 

X.  Further  Experiments  and  Obscrvalion'i  flri  Iodine.  By  Sir 
H.Davy,  LL.D.F.RlS.  V.P.R.I.— This  paper  is  divided  into 
five  sections.     1.  On  the  triple  compounds  contalniHg  iodine.  —•' 


^ 
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osygen.  When  lodiue  is  dissoWed  in  potash  or  soda,  two  com* 
pounds  are  formed ;  one  composed  of  oxygen,  iodine,  and  potas* 
slum  or  sodium;  the  other  of  iodine  and  potassium  or  sodium. 
Our  author  calls  the  first  oxiode  of  potassium,  &c.  the  second 
iode  of  potassium^  &c.  When  the  alkali  is  saturated  with  iodine 
eiystals  are  deposited.  These  are  to  be  digested  in  alcohol  of  8*6, 
or  9-2*  The  undissolved  portion  is  the  triple  compound.  Osiode 
of  potassium  is  almost  tasteless,  has  no  action  on  vegetable  colours, 
is  scarcely  soluble  in  cold  water ;  but  more  so  in  hot  water.  By 
heat  it  may  be  dissolved  in  sulphuric,  nitric,  and  phosphoric  acids. 
The  saturated  solutions  congeal  and  form  crystalline  masses  of  an 
intensely  acid  taste.  When  strongly  heated  the  triple  compound  is' 
decomposed  at  the  temperature  at  which  the  acids  are  driven  ofl^ 
mnd  oxygen  and  iodine  exhales.  Oxiode  of  potassium  dissolves 
readily  in  phosphorous  acid.  When  the  solution  is  heated  the  acid 
is  converted  into  the  phosphoric,  and  iodine  appears.  When 
thrown  into  muriatic  acid,  an  eflervescence  is  perceived,  the  smell 
of  chlorine  becomes  sensible,  and  the  fluid,  wlien  evaporated,  yields 
chlorionic  acid.  Similar  appearances  take  place  with  the  vegetable 
acids  and  the  oxiode ;  all  easily  explained  k^  the  transfer  of  oxygen 
to  the  solvent. 

Sir  H.  Davy  conceives  oxiode  of  potassium  to  be  composed  of 
one  atom  iodine,  one  atom  potassium,  and  six  atoms  oxygen  ;  but 
his  experiments  scarcely  seem  sufficient  to  warrant  any  such  con- 
clusion. 

He  formed  likewise  by  a  similar  process,  oxiodes  of  beryte^ 
iiffle,  and  magnesia. 

His  attempts  to  obtain  a  compound  of  oxygen  and  iodine  were 
not  attended  with  success. 

2.  On  hydrionic  acid  and  the  compounds  obtained  by  means  of 
it.  This  acid  is  obtained  pure  by  heating  iode  of  potassium  and 
hydro-phosphoric  acid  together.  It  is  slowly  decomposed  by  heat^ 
and  rapidly  when  heated  along  with  oxygen  gas.  When  condense^ 
in  water  it  is  instantly  decomposed  by  nitric  acid  and  iodine  preci- 
pitated. It  rapidly  absorbs  oxygen  from  the  air,  and  becomes 
yellow,  and  at  last  a  deep  tawny  orange.  It  will  probably  answer 
well  as  a  eudiometrical  substance.  It  was  decomposed  by  all  the 
metab  tried,  except  gold  and  platinum.  With  the  alkalies  and 
common  earths  it  forms  compounds  very  similar  to  those  formed, 
with  the  same  bases  by  muriatic  acid.  3.  On  other  acid  com- 
pounds of  iodine.  Iodine  absorbs  nearly  one  third  of  its  weight  of 
dilorine  gas,  and  forms  a  very  volatile  compound,  which  acts  upon 
mercury,  and  is  dissolved  by  water.  Sir  H.  Davy  supposes  that 
this  compound  is  composed  of  an  atom  of  iodine  and  an  atom  of 
dilorine.  He  calls  it  chlorionic  acid.  Its  colour  is  yellow,  and  it 
leadily  dissolves  iodine  becoming  deeper  coloured.  When  agitated 
in  chlorine  ga;s  it  becomes  colourless.  In  this  state,  when  poured 
into  alkaline  or  earthy  solutions,  oxiodes  are  precipitated.  If  it  be 
coloured  a  (quantity  of  iodine  appears  at  tVve  ssitne  iVcfiiib*    \4\ieck 
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poured  into  ammonia  a  white  powder  falls,  which  detonates  feebly, 
and  affords  iodine  and  a  gas  not  capable  of  supporting  combustion* 
When  the  acid  is  coloured  the  precipitate  formed  is  black,  and 
detonates  much  more  loudly. 

.  Tin  and  iodine,  when  combined,  form  a  body  possessing  acid  pro- 
perties, though  no  hydriontc  acid  could  be  detected  in  it.  4.  On 
the  action,  of  some  compound  gases  on  iodine.  It  absorbs  suU 
phureted  hydrogen  and  forms  a  reddish  brown  fluid.  When  iodine 
was  sublimed  in  oleliant  gas  a  Jittle  reddish  broWn  fluid  was  formed. 
It  produced  no  change  on  nitrous  gas  nor  carbonic  oxide ;  but 
when  mixed  with  carbonic  oxide  in  the  gaseous  state  and  exposed 
to  the  light  of  the  sun,  a  combination  seems  to  take  place.  5.  On 
the  mode  of  detecting  iodine  in  combinations,  and  on  certain  pro- 
perties of  its  compound  with  sodium.  The  marine  productions  of 
the  Mediterranean  contain  less  of  it  than  the  sel  de  varec.  Ashes 
€^  the  ulva,  that  abounds  on  the  coast  of  Languedoc,  yielded  traces 
of  it.  As  did  the  ashes  of  the  following  plants  :  fucus  cartilagineus, 
liicus  membranaceirs,  fucus  rubens,  fucus  filamentosus,  ulva  pa>- 
Yonia,  ulva  linza. 

:  The  asbes  of  corralines  and  sponges  exhibited  no  traces  of  it. 
Its  presence  is  detected  by  its  property  of  tarnishing  silver,  and  ly 
the  red  fluid  which  alkaline  leys  containing  it  form  with  sulphuric 
acid. 

•  Sir  H.  Davy  conceives  it  possible  that  the  superiority  of  bay  salt 
in  curing  flsh  and  meat,  may  depend  upon  the  presence  of  this 
substance.  He  rubbed  pieces  of  beef  with  iode  and  oxiode  of 
sodium.  They  did  notputrify.  The  piece  rubbed  with  the  iode 
became  brown,  soft,  and  tender;  that  rubbed  with  the  oxiode 
hardened  considerably  and  became  paler. 

XI.  Observations  respecting  the  natural  Productions  of  Saltpetre 
on  the  Walls  of  sul terraneous  and  other  Buildings.  By  John  Kidd, 
M  D.  Professor  of  Chemistry  in  Oxford. — ^The  formation  of  nitre 
lupon  calcareous  stones  in  certain  situations  has  been  long  known, 
and  advantage  has  been  taken  of  it  to  procure  that  important  salt  in 
great  quantities ;  though  no  satisfactory  theory  of  the  formation  of 
tlie  salt  itself  has  yet  been  oifered  to  the  public.  The  present 
pi^er  contains  a  set  of  observations  on  the  appearance  of  an  efflo- 
rescence of  saltpetre  on  the  walls  of  the  A^hmole  laboratory  at 
Oxford,  a  large  ground  room,  sunk  below  the  area  of  the  street. 
The  wsdis  are  built  of  Oxford  lime-stone,  a  granular  floetz  lime-* 
stone  containing  many  fragments  of  shells,  of  vegetable  bodies,  ' 
atnd  composed  of  9(i  carbonate  of  lime,  and  4  of  ochrey  sand. 
The  salt  formed  was  nearly  pure,  though  it  contained  traces  of 
lime  and  of  sulphuric  and  muriatic  acids.  What  was  formed  in 
winter  contained  most  lime.  The  formation  of  this  salt  was  most 
tapid  in  frosty  weather ;  it  formed  «lowly,  and  the  quantity  even 
diminished  in  moist  weather  after  it  had  been  deposited.  Exclu-' 
sion  from  the  air  did  not  preclude  the  deposition  of  the  salt,  though 
Ji  d}mink}xed  it  coi^dernbly.    .  . 
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XII  On  the  Nature  oj  the  Salts  called  Triple  J^russiates,  and  on 
Adds  formed  by  the  Unton  of  certain  Bodies  with  the  ElemJents  of 
the  Prussic  Acid.  By  Robert  Porrett,  jun.  Esq. — ^I  have  already 
given  a  pretty  full  account  of  this  important  paper  in  the  number  of 
the  Annals  of  Philosophy  for  January,  1815,  to  which  I  refer  the 
readers.  I  intend  to  publish  an  abridgment  of  the  paper  in  a  future 
■number  of  the  Annals^  as  it  contains  some  discoveries  which  I  con* 
aider  as  important. 

'  XIII.  Some  Experiments  on  the  Combustion  of  the  Diamond,  and 
-  other  Carbonaceous  Substances.  By  Sir  H.  Davy. — ^Diamonds  were 
|nit  in  a  small  gla3s  globe  filled  with  oxygen  gas,  and  kindled  by 
•means  of  a  burning-glass.  When  once  set  on  fire,  they  were  found 
to  bum,  though  removed  out  of  the  focus  of  the  lens.  The  result 
of  the  experiments  was,  that  diamonds,  when  burnt,  produced 
xinly  carbonic  acid  gas,  and  no  alteration  took  place  in  the  bulk  of 
the  gas  in  which  the  combustion  was  performed.  Hence  it  follow3 
that  the  diamond  consists  of  pure  carbon.  Plumbago  and  charcoal^ 
besides  earbonic  acid,  formed  also  a  sensible  portion  of  water  when 
burnt,  and  the  bulk  of  the  oxygen  gas  was  diminished.  Hence  these 
bodies  contain  hydrogen  as  a  constituent,  though  only  in  a  very 
-minute  proportion. 

XIV.  Some  Account  of  the  Fossil  Remains  of  an  Animal  more 
nearly  allied  to  Fishes  than  to  any  other  Class  of  Animals.  By  Sir 
Everard  Home,  Bart.  F.R.S. — ^These  bones  were  found  in  a  cliff 
on  the  sea  coast  of  Dorsetshire.  The  skull  was  pretty  perfect;  most 
of  the  other  bones  were  broken  and  crushed.  The  ribs  were  60, 
and  make  the  skeleton  17  feet  long.  These  bones  approach  most 
nearly  to  those  of  fishes,  though  the  author  considers  the  animal  as 
not  having  been  a  perfect  fish,  but  as  constituting  one  of  those  in- 
termediate links  so  commonly  observed  in  the  animals  of  New  South 
Wales. 

XV.  On  an  easier  Mode  of  procuring  Potassium  than  that  which 
is  now  adopted.  By  Smithson  Tennant,  Esq.  F.  R.S.  —  This 
method  is  to  put  the  potash  and  iron  turnings  together  into  a  gun- 
barrel  about  a  foot  and  a  half  long,  and  covered  with  a  lute  com- 
posed of  Stourbridge  clay,  partly  in  its  natural  state,  and  partly  pre- 
.viously  baked.  Into  the  mouth  of  the  gun-barrel  another  iron  tube 
about  eight  inches  long  is  to  be  put,  perforated  at  the  lower  extre- 
mity, and  having  its  upper  end  projecting  about  an  inch  beyond 
the  gun-barrel.  The  mouth  of  the  gun-barrel  is  shut  by  another 
tube  which  slips  over  it.  The  mouth  of  it  is  filled  by  a  perforated 
cork,  through  which  there  passes  a  bent  glass  tube,  having  in  it  a 
drop  of  mercury.  This  apparatus  being  exposed  to  a  strong  heat 
for  an  hour  in  a  smith's  forge,  the  potassium  is  found  perfectly  pure 
in  the  upper  perforated  iron  tube. 

XVI.  On  the  Influence  of  the  Nerves  upon  the  Action  of  the 
Arteries.  By  Sir  Everard  Home,  Bart.  F.R.S. — Our  au^i  - 
dentally  observed  that  the  application  of  stimulants  to  p 

^     iuctd  a  violent  increase  of  the  action  of  the  \Aood<^\«^ 
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fock  is  for  the  most  part  a  compact,  sonorous,  dark  blue  trap,  nearly 
^iih  them.  He  laid  bare  the  carotid  artery  of  a  dog,  and  upon 
louchinfT  the  intercosial  nerve  and  par  vagum  wilh  potash,  a  violent 
increase  in  the  action  of  the  artery  took  place.  The  same  esperi<- 
Qient  succeeded  equally  in  rabbits ;  so  that  tl^e  circulutioo  of  the 
blood  is  not  wholly  dependant  upon  the  heart  and  tiie  elasticity  of 
the  arteries,  the  action  of  the  nerves  is  necessary  lo  regulate  the 
distribution  of  it  to  the  different  parts  of  the  body. 
■  XVll.  On  ike  Means  of  producing  a  double  Dislillalmn  hj  the 
same  Heal.  By  Smithson  Tentiant,  Esq.  F.R.S. — The  method  is 
to  make  the  worm  from  the  firjt  still  pass  through  a  second,  which 
{■  air-tight,  and  has  attached  to  it  a  worm  connecting  it  with  an  air- 
tight receiver.  Heat  is  applied  to  the  second  still  till  the  liquid  in 
it  is  made  lo  boil ;  the  cocl<s  are  then  shut,  and  the  dtsiillutioQ 
carried  on  by  the  heat  communicated  by  the  worm  from  the  first 
filiU. 

XVIII.  An  Account  of  some  Expei'i'meiils  on  Animal  Heal.  By 
John  Davy,  M.D.  F.R.S. — From  these  experiments  it  appears 
that  there  is  no  material  difference  between  the  specific  heats  of 
veinous  and  arterial  blood,  except  what  arises  from  difference  in  the 
specific  gravity;  that  of  the  former  being  l'04;f,  and  of  the  latter 
J '050.  Our  author  considers  the  relative  specific  heats  as  0-9 13 
and  O-SOS.  The  temperature  of  arterial  blood  is  higher  than  that 
'of  venous,  and  the  temperature  of  the  left  side  of  the  heart  than  of 
the  right.  The  temperature  of  parts  diminishes  as  the  distance  of 
the  parts  from  the  heart.  These  results  are  incompatible  with  Dr. 
Crawford's  theoiy  of  animal  heat,  but  agree  with  the  theory  of  Dr. 
Black. 


Article  X. 

Proceedings  of  Philosophical  Socielies. 

CKOLOGICAL  SOCIETY. 

Maj/  19 — A  notice  accompanying  an  additional  drawing  to  the 

"paper  on  Vegetable  Remains  in  Chalcedony,  by  Dr.  Macculloch, 
was  read,  describing  a  vegetable  remain  possessing  decidedly  the 

genuine  characters  of  conferva. 

'*    June  2, — The  Secretary  reported  tliat  a  communication  on  the 
Native  Tellurium   of  Norway  had  been  received  from  Professor 

'Esmark,  of  Christiana. 

':    Di-.  Macculloch's  paper  on  tlie  Isle  of  Sky,  begun  at  a  former 

^meeting,  was  concluded. 

The  principal  group  of  mountains  in  Sky  is  the  Cuchullin.  This 
elevation  probably  exceeds  3000  I'cet,  and  the  principal  escarpments 
look  east  and  north.  It  is  remarkable  for  the  spiry  granitic  form  of 
its  summits,  and  its  naked  barrenness,  owing  to  the  strong  resist- 
ance whk'h  it  opposes  to  the  u?ual  causes  of  decomposition.     The 
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aUiied  to  green-stone,  passing  sometimes  into  syenite^  sometimes 
containing  glassy  felspar  and  hyperstene,  and  sometimes  concipoaed 
merely  of  quartz  and  hornblende.  It  is  traversed  throughout  bj 
dykes  of  basalt,  in  some  places  approaching  to  pitch-stone,  and 
appears  to  rest  on  a  very  compact  grey  quartzy  sand-stone,  which 
does  not  contain  shells,  and  like  the  superincumbent  trap,  is  tra^^ 
versed  by  veins  and  dykes  of  basalt. 

Adjacent  to  the  Cuchullin  is  another  group,  called  the  Red 
Mountains,  of  lower  elevation  than  the  former,  presenting  rounded 
outlines,  and  so  covered  with  fragments  in  a  state  of  decomposition^ 
that  the  massive  rock  can  rarely  be  perceived.  The  chief  constituent 
ingredient  of  these  mountains  is  flesh-red  felspar,  passing  into  clay« 
atone,  and  containing  a  small  and  variable  proportion  of  hornblende 
and  quartz.  This  rock,  like  that  of  the  Cuchullin,  is  also  traversed 
by  veins  of  trap,  and  probably  by  veins  of  granite. 

The  northern  portion  of  the  island  consists  for  the  most  part  of  Qoetz 
trap  in  beds  approaching  to  horizontal,  alternating  with  sand-3tone> 
and  presenting  seams  of  basaltic  coal  generally  broken,  imperfect,  and 
of  little  extent.  This  trap  offers  the  usual  varieties,  namely,  basidt, 
either  perfect,  or  approaching  to  wacke,  green-stone,  and  amygda- 
loid. This  latter  variety  contains  nodules  of  steatite,  balls  of  fila- 
mentous mesotype,  crystallized  mesotype,  chabasite,  and  occasion'^ 
ally  stilbite  and  ichthyophthalmite.  In  some  parts  the  shale  and 
sand-stone  adjoining  the  trap  are  indurated,  and  more  or  less  altered,  . 
the  former  in  particular  being  converted  into  lydian-stone  and 
botryoidal  schist.  The  whole  of  the  eastern  shore  of  Strathaird 
exhibits  one  continuous  cliff  of  blue  eompact  lime-stone,  split  by 
numerous  Assures,  and  hollowed  out  into  caves. 

At  Kilbride,  near  Loch  Clapin,  another  lime-stone  district  occurs, 
the  connections  of  which  it  is  very  difficult  to  ascertain.  This  lime^^ 
stone  is  unstratified,  contains  no  organic  remains,  is  of  a  granular 
structure,  and  is  in  many  places  a  perfect  marble,  more  or  lesa 
coarse  in  its  grain,  of  a  white,  blue,  and  yellowish-green  colour 
(this  latter  from  an  intermixture  of  serpentine),  and  applicable  to 
various  uses  in  ornamental  architecture.  This  lime-stone  ceases  a 
mile  or  two  short  of  Bradford;  and  on  the  shores  of  this. latter 
water  another  formation  of  lime-stone,  totally  distinct  from  the 
other,  makes  its  appearance.  This  forms  thin  beds,  alternating 
with  sand-stone  and  shale,  is  highly  bituminous,  and  contains 
annonns,  ammonits,  and  other  shells,  and  is  traversed  by  trap 
veins. 

Between  Loch  Oransa  and  the  northern  part  of  the  shore  near 
Bradford  is  a  tract  of  quartz  rock,  which  also  occurs  in  other  parts 
of  the  district  of  Clate,  accompanied  by  various  primary  schistose 
rocks,  and  intersected  by  veins  of  trap.    . 

A  paper  by  J.  Williams,  juo.  Esq.  of  Scorvier,  describing  the 
mine  of  Huel  Peever,  was  read. 

The  tin  vein  of  Huel  Peever,  in  the  p  ~  Mh*uth,  in  con- 

sequence of  It^  intersection  by  cross  v<  uudeiUft  o(  ^ 
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parallel  copper  vein,  and  by  the  oblique  course  of  a  diannel  of 
porphyry,  was  lost,  and  exercised  the  skill  of  the  ablest  Cornish 
miners  for  more  than  40  years  before  it  was  recovered.  A  descrip- 
tion of  the  particular  deviations  produced  in  the  course  of  the  vein 
by  each  of  these  disturbing  causes  is  given  in  this  paper,  and  its 
iccompanying  plans  and  sections, 

WERNEHIAN    SOCIETY. 

At  the  meeting  on  21st  January,  Mr.  P,  Syme  laid  before  the 
Society  an  account  of  some  remarkable  atmospheric  appearances 
observed  by  him  during  a  thunder-storm  on  the  29th  of  July  1814, 
accompanied  with  several  beautiful  drawings  executed  by  him  from 
sketches  which  he  took  at  the  moment. 

At  the  meeting  on  4th  February  was  read  an  essay  on  the  germi- 
nation and  physical  economy  of  ferns,  by  Dr.  Yule. — A(  liie  same 
meeting  there  was  read  an  account  of  the  mineralogy  of  the  Red 
Head,  by  Dr.  Fleming.  The  Red  Head  is  a  well  known  promon- 
tory in  the  county  of  Forfar.  The  rocks  consist  of  sand-stone  and 
gravel -stone.  The  author  seemed  inclined  to  consider  these  rocks 
as  mechanical  deposits,  as  they  bear  the  closest  resemblance  in  all 
respects,  except  in  being  cemented,  to  beds  of  sand  and  gravel  in 
the  neighbourhood.  The  sand-stone  belongs  lo  the  old  red  sand- 
itone  formation,  in  which  many  trap-recks  rising  into  hills,  such 
as  the  Ochils,  and  hills  of  Kinnoul  and  Perth,  occur  in  the  form 
tf  great  l>eds. 

At  the  meeting  on  25th  February,  Professor  Jameson  read  a 
short  account  of  the  places  where  fossil  remains  of  elephants  have 
been  found,  and  exhibited  the  tooth  of  a  mammoth  discovered  by 
William  Auld,  Esq.  in  Hudson's  Bay,  this  being  the  first  time 
that  such  remains  have  been  observed  so  far  to  the  northward  in 
America.  Professor  Jameson  also  read  a  notice  concerning  the 
indurated  talc  which  occurs  in  quantity  in  the  island  of  Unet,  one 
of  the  Zetlands,  and  which,  he  stated,  miglit  be  pro6iably  brought 
to  market,  the  article  being  in  demand  for  removing  stains  from 
■ilks,  &c.  and  selling  at  a  considerable  price. 
■-  At  the  meeting  on  the  llth  of  March,  Professor  Jameson  read 
the  continuation  of  his  mineralog}-  of  the  Lothians. 

At  the  meeting  on  25th  March  was  read  a  description  of  a  nevr 
species  of  water  ouzel  or  dipper,  found  in  this  country  by  James 
Wilson,  Esq.  A  specimen  of  the  young  bird  and  a  drawing  of  the 
bird  in  full  plumage  were  exhibited,  it  differs  from  ihe  common 
ouzel  chiefly  in  the  deep  rufous  hand  on  the  lower  breast  being 
wanting,  and  in  the  breast  feathers  being  marked  with  transverse 
waved  lines,  from  which  last  circumstance  Mr.  Wilson  proposes  to 
call  it  Aqiiat'dis  vndulatus. 

At  different  meetings  of  the  Wernerian  Society  in  January,  Fe- 
bruary and  March,  a  paper  by  Mr.  Scoresby  junior  of  Whitby,  on  ' 
Polar  Ice,  and  the  Practicability  of  a  Journey  to  the  Pole,  excited 
much  interest. 


1815.]  fVemerian  Society.  US 

He  began  with  some  notices  as  to  the  characteristics  of  the  at- 
mosphere and  the  land  in  West  Greenland  and  Spitzbergen.  The 
atmosphere  is  remarkable  for  darkness  of  colour  and  density,  for 
the  production  of  highly  crystallized  snow,  and  for  almost  instanta- 
neous changes  from  perfect  calm  to  impetuous  storm.  The  land  is 
remarkable  for  abrupt  precipices,  rising  directly  from  the  ocean  to 
a  great  height :  the  dark-coloured  rocks  contrasted  with  the  snow 
of  the  purest  whiteness  with  which  they  are  capped,  produce  a  very 
striking  effect*  Here  the  white  bear  is  the  lord  of  the  creation : 
^als  and  all  other  animals  flee  his  presence.  He  is  yearly  attracted 
over  the  ice  to  the  fishing  ground,  by  the  carcases  of  whales,  the 
smell  of  which  he  seems  to  perceive  at  a  wonderful  distance. 

As  to  the  ice,  Mr.  Scoresby  remarked  that  Davis  Straits  is  noted 
for  enormous  ice-berus  or  ice-islands,  and  that  Greenland  is  more 
remarkable  for  ice-Jieids.  Some  of  these  ice-fields  are  of  vast  ex- 
tent, perhaps  100  miles  long  and  50  broad;  the  surface  being 
raised  from  4  to  G  feet  above  tlie  water,  and  the  base  sunk  near  20 
feet  below  the  water.  The  ice-bergs  of  BafBns  Bay  are  sometimes 
nearly  two  miles  long  and  perhaps  1 00  feet  high,  while  their  base 
must  reach  450  feet  below  the  surface  of  the  water.  Some  ice- 
bergs are  formed  on  the  land;  but  the  most  huge  are,  in  Mr« 
Scoresby's  opinion,  produced  in  the  deep  sheltered  bays  of  the  sea, 
and  formed  partly  of  sea  water  and  partly  of  snow  and  sleet,  yearly 
accumulated  perhaps  for  successive  ages« 

Mr.  Scoresby  mentioned,  that  he  never,  could,  by  experiments 
made  in  Greenland,  obtain  from  sea  water,  ice  that  was  either  com- 
pact, transparent,  or  which  yielded  a  fresh  solution.  Yet  fresh- 
water ice  is  common,  and  the  whale-fishing  ships  frequently  wat^r 
at  some  pool  on  the  surface  of  an  ice-berg.  Salt-water  ice  is  soft, ' 
porous,  white;  it  is  lighter  than  the  other,  its  s[)ecific  gravity  being 
about  0*873,  while  that  oi  fresh-water  ice  is  0*^37.  I'his  last  has 
a  black  appearance  while  floating  in  the  sea,  and  is  transparent^ 
with  a  green  hue,  when  held  in  the  air.  Its  edges  are  sharp  like 
glass.  With  pure  pieces  of  this  kind  of  ice  Mr.  Scoresby  son>etin>es 
amused  himself  in  forming  lenses,  with  which  he  was  able  to  fire 
gunpowder,  light  the  sailors'  pipes,  burn  wood,  and  even  melt, 
lead. 

Ice  is  generated  in  the  Northern  Ocean  entirely  independent  of 
the  vicinity  of  land.  It  is  formed  even  in  rough  seas  during  intense 
cold ;  first  producing  what  is  called  by  the  sailors  sludge^  and  thefi 
flat  pieces  of  a  rounded  shape,  and  turned  up  at  the  edges,  which 
have  received  the  whimsical  name  of  pancakes.  In  the  sheltered, 
openings  which  occasionally  occur. in  the  great  fields  of  ice,  bay-ice 
is  often  rapidly  formed  :  it  will  bear  a  man^s  weight  in  48  hours, 
and  in  a  month  is  fully  a  foot  thick.  Suppose  a  large  opening  to 
be  thus  frozen  over,  and  cemented  on  every  side  to  the  older  ice,  a 
great  basin  or  hollow  is  produced :  this  becomes  a  receptacle  fot 
snow :  next  summer  the  snow  is  melted,  and  during  the  following 
winter  the  water  is  converted  into  a  solid  layer  of  &c^\\->«i^\jaA^,<4^ 
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In  this  way,  Mr.  Scoresby  thinks,  the  most  compact  Ji eld- ice  nmy 
be  generated  in  h  lew  years.  Oiher  tieids  wre  formed  of  boirds  uf 
packed  ice  cemented  by  frost.  Ice-fields  have  an  invariabli.'  iei>- 
dency  to  drift  to  the  south -west  ward,  amid  various  or  contrary 
winds.  They  appear  in  June  in  the  fishing  latitude-,  and  umny 
are  yearly  broken  up  by  the  agitation  of  the  waves  when  they  ad- 
vance lo  the  open  ocean.  When  two  tieids  come  in  contact,  the 
concussion  is  tremendoui. 

Mr.  Scoresby  gave  a  description  of  t!ie  present  situation  or  boun- 
daries of  the  circumpolar  ice,  both  in  close  and  in  open  seasons,— 
which  it  is  impossible  to  abridge.  Such  is  the  outline,  that  whea 
the  ice  touches  the  south  point  of  Spitz bergen,  a  barrier  is  formed 
against  access  to  the  opeii  sea  fanlier  north,  where  whales  are  to 
be  found.  If  this  barrier  consist  only  of  packed  ice,  and  be  not  ce- 
mented into  fields,  the  sliips  are  forced  through  it,  with  great  dif-* 
ficulty  no  doubt,  and  not  without  peril.  In  June  this  barrier. 
divides  in  the  middle,  and  when  the  vessels  return  from  the  fishing 
it  frequently  happens  that  no  vestige  of  it  is  to  be  seen.  The  larg- 
est fields  of  ice  are  always  moving  and  changing  place,  generally 
drifting  to  the  south-west,  although,  on  account  of  iheir  vast  ex- 
tent, it  is  diHicult  to  estimate  the  amount  of  the  change.  A  ship 
lejet  in  a  field  was  carried,  with  a  semicircular  sweep,  between  fif^ 
teen  and  twenty  leagues  in  fifty  hours.  Two  ships  embayed  in 
packed  ice,  within  a  few  furlongs  of  each  other,  were  separated  to 
the  distance  of  some  leagues  in  the  course  of  two  days,  and  yet  the 
continuity  of  the  pack  of  lee  appeared  to  the  eye  to  liave  remained 
unbroken. 

The  effects  of  the  ice  on  the  atmosphere  are  very  striking.  A 
strong  gale  blowing  against  one  side  of  a  large  field,  is  so  moderated 
in  its  passage  over  the  ice,  that  it  is  scarcely  felt  on  the  other  side. 
Moist  and  temperate  gales  from  the  southward,  on  readiing  the 
fields,  immediately  discharge  their  superfluous  moisture  in  the  form 
of  snow.  The  ice-lilink  is  a  curious  phenomenon.  The  rays  of 
light  which  fall  on  the  ice  are  reflected,  white  those  which  fall  on 
the  water  arc  in  a  great  measure  absorbed,  A  luminous  belt  ap- 
pears in  the  horizon,  containing  a  beautiful  map  of  the  ice,  some- 
times GO  perfect  that  a  practised  eye  can  determine  whether  field 
ice  or  packed  ice  be  represented. 

In  tlie  last  part  of  his  paper  Mr.  Scroresby  treated  of  the  practir 
cability  of  reaching  the  North  Pole,  by  setting  off  from  the  north  of 
Spitzbergen,  and  travelling  over  the  ice.  That  this  may  not  be 
met  with  a  smile  of  contempt,  we  may  mention  that  his  reasonings, 
and  the  statements  founded  on  his  own  experience,  went  a  great 
way  in  removing  the  objections  of  some  of  the  most  distinguished 
Scottish  pliiiosophers.  Mr.  Scroresby  has  been  several  times  be- 
jofld80°  N.  lar.  Indeed,  he  on  one  occasion  made  a  nearer  ap- 
proach to  the  polar  point  than  any  other  scientific  observer.  Cap- 
lain. Phipps  (Lord  Mulgrave)  in'  1773  reached  80"  i?';  but  in 
llfGC  Mr.  icorahy  (then  acfing  as  chief  roate  to  his  father,  wel! 
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known  as  one  of  the  most  enterprizing  and  intelligent  captains  in 
the  Greenland  trade)  penetrated  as  high  as  Sl^-^  N.  a  distance  of 
only  170  leagues  from  the  pole.  Even  when  north  winds  had  pre* 
Mailed  for  days,  Mr.  Seoresby  did  not  find  the  cold  of  80*  much 
different  from  that  of  70®  N.  With  woollen  clothing,  therefore,  he- 
thinks  the  cold  would  not  he  overwhelming,  and  an  external  gar- 
tiient  of  varnished  silk  would  protect  the  fctody  frbm  moisture/  It 
would  be  impossible  to  accomplish  a  journey  of  1200  miles  (600 
gmng  and  600  returning)  without  the  assistance  of  some  fleet  quad- 
rupeds accustomed  to  harness.  Rein-deer  or  dogs  ^re  the  only  ani* 
inals  that  could  be  employed,  and  they  must  be  procured  from  the 
countries  where  they  are  trained.  Dogs  are  most  hardy  and  tract- 
able, and  would  on  the  whole  be  preferable.  Drivers  must  also  be 
procured  from  the  same  countries.  The  sledges  must  be,  lightj  and 
ID  the  form  of  boats,  in  case  of  spaces  of  open  water  occurring. 
Between  a  month  and  six  weeks,  Mr.  Seoresby  thinks,  would  suffice 
for  the  journey.  To  avoid  the  retarding  effects  of  soft  snow,  he 
suggests  that  the  party  should  set  out  by  the  dose  of  April.  When  the 
fdd  of  the  magnetic  needle  1^  a  director  should  be  lost,  by  its  pole 
being  directed  to  the  zenith,  the  sun  would  be  the  only  guide.  A 
ehronometer  would  be  an  indispensable  instrument.  With  a  chro- 
liOmeter  adjusted  to  the  meridian  of  north-west  Spitzbergen,  the 
bearing  of  the  sun  at  the  time  of  noon  (provided  -this  could  be  accu- 
lately  ascertained  very  near  the  pole)  would  afford  a  line  of  direc- 
tum for  the  return ;  the  position  in  regard  to  longitude  being  cor- 
lected  twice  a  day.  White  bears  are  the  only  living  enemies  to  be 
etpected;  but  they  are  not  likejy  to  occur  in  numbers  very  far 
north,  as  their  food  must  necessarily  be  scarce.  Mr.  Seoresby  has 
little  expectation  of  mountainous  land  occurring,  and  he  thinks  it 
highly  improbable  that  the  sea  will  be  found  free  from  ice  at  the 
pole,  as  the  Dutch  navigators  have  asserted  it  to  be.  Mr.  Scoresby's 
attple  experience  convinces  him,  that  thick  weather  is  only  to  be 
dreaded  as  the  accompaniment  of  southerly  winds,  which  occur  but 
seldom  and  at  distant  intervals. — Such  a  journey  must  necessarily 
be  bftzardons ;  but  great  difficulties  have  in  former  times  been  over* 
come  in  travelling  the  northern  ice*  In  the  Spring  of  1/1 5>' 
Alexei  Marcoff,  a  Cossack,  travelled  from  Siberia,  in  a  sledge 
drawn  by  dogs,  near  400  miles  northward,  over  a  surface  of  packed 
be;  He  was  obliged  to  stop  about  the  78th  degree,  on  account  of 
die  provisions  for  his  dogs  falling  short ;  by  killing  some,  and  jfeed- 
ing  Hie  others  with  the  carcases,  he  effected  his  return  in  safety. 
oat  if  the  party  were  to  reach  the  pole  either  by  means  of  rein-deer 
or  dogs,  and  these  entirely  to  fail  through  cold  and  fatigue^  it  is  at 
least  possible  that  they  might  be  able  to  accomplish  their  return  qn ' 
CmM^  drawing  their  provisions  in  a  sledge;  a  large  party  of  the 
crews  of  the  Dutch  Greenland  fleet  wrecked  in  1777  having  tra* 
vened  the  ice  for  a  hundred  leases,  amid  the  severity  of  the  arctic  ' 
Wiiiter9*imd  actually  reached  the  settlements  of  the  Danish  misskxi* 
arict,  without  any  suitable  preparatk>ns  for  audi  a  VyasBn.  > ' 
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L  Physical  Departments    By  M.  le  Chevalier  Cuvier^  Perpe.tii|i| 

Secretary. 

Chemistry.  x 

(Continued  from  YohV.  }?.  4^,) 

More  than  a  hundred  years  ago  there  had  been  extracted  from 
the  quarries  of  CEningen,  near  the  lake  of  Constance,  a  petrified 
skeleton,  which  Scheuchzer,  a  naturalist  of  Zurich,  had  taken  far 
that  of  a  man,  and  which  he  had  engraven  under  the  title  homoi 
diluvii  testis.  More  recent  naturalists  had  considered  it  as  thi; 
skeleton  of  a  fish.  M.  Cuvier,  from  the  simple  inspection  of  thi^ 
figure  published  by  Scheuchzer,  had  considered  it  as  an  unknown 
and  gigantic  species  of  salamander.  Having  made  a  journey  to 
Harlem,  where  this  celebrated  fossil  i^  deposited  in  the  Teyleriaa 
Museum,  and  having  obtained  permission  from  M.  Van  Marum, 
Correspondent  of  the  Class,  and  Director  of  that  Museum,  to  dig 
into  the  stone  in  order  to  expose  those  parts  that  had  been  hithertb 
concealed,  M.  Cuvier  discovered  feet,  with  their  bones  and  toea^ 
small  ribs,  teeth  along  two  large  jaw-bones;  in  short,  all  the  charac- 
teristic parts ;  so  that  it  is  now  no  longer  possible  to  doubt  that  the 
skeleton  really  belonged  to  a  salamander.  He  has  shown  to  the 
Class  a  figure  of  this  fossil  thus  exposed,  which  he  means  to  sendy 
together  with  a  description,  to  the  Academy  of  Harlem. 

The  same  member  has  exhibited  a  head  of  the  last  animal,  called 
paUeotherium  mediumy  recently  disengaged  from  the  gypsuni  «f 
Montmartre.  This  head  was  complete,  and  confirmed  all  the  coo* 
elusions  hitherto  drawn  from  isolated  fragments. 

M.  de  Humboldt,  Foreign  Associate,  has  communicated  the 
truly  astonishing  history  of  the  volcano  of  Jorullo,  which  burst  ovt 
in  1759  at  Mexico,  on  a  well  cultivated  platform,  where  two  riveis 
of  cold  water  flowed,  and  where,  during  the  memory  of  man> '  no 
subterraneous  noise  had  been  heard.  The  catastrophe  was  announced 
some  months  beforehand  by  earthquakes  and  bellowings,  which 
continued  15  or  20  days.  A  shower  of  ashes  then  fell,  and  more 
violent  bellowings  took  place, "which  induced  the  inhabitants  tofljf; 
flames  arose  over  an  extent  of  more  than  half  a  league  square ; 
pieces  of  rock  were  thrown  up  to  a  great  height ;  the  crust  of  the 
earth  ro^  and  sank  like  the  waves  of  the  sea  ;  there  arose  an  innu- 
merable multitude  of  small  cones,  from  six  to  nine  feet  high,  whii^ 
covered  the  surface  of  the  platform,  and  which  still  remain  there. 
Finally,  there  arose  in  the  direction  of  S.  S.  E.  and  N.  N.  E,  aix 
hills,  the  principal  of  which,  still  distinguished  by  a  burning  crater, 
h  not  l^ss  thau  1600  feet  in  height.    These  frightful  operations:  ^f 
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Nature  coi^tiqued  from  the  month  of  September,  1759,  till,  next 
Fejbruary;  Eye-witnesses  declare  that  the  noise  was  equal  to  what 
would  have  been  produced  by  thousands  of  cannon,  and. that  it  was 
accompanied  by  a  burning  heat,  part  of  which  still  continues ;  for 
M'.  de  Humboldt  found  the  heat  of  the  soil  36^  Fahr.  higher  than 
that  of  the  atmosphere.  Every  morning  thousands  of  columns  of 
sihoke  rise  from  tne  cones  and  the  crevices  of  that  great  platform. 
The  two  rivers  now  contain  hot  water  impregnated  with  sulphureted 
hydrogen ;  and  vegetation  is  only  beginning  to  appear  upon  this 
shattered  country. 

This  volcano  is  46  leagues  from  the  sea,  and  nearly  as  far  from 
the  nearest  active  volcano.  On  this  occasion  M.  de  Humboldt 
itmarks  that  several  Volcanoes  of  the  New  World  are  at  as  great  a 
distance  from  the  sea  as  this  is ;  while  in  the  Old  World  we  know 
no  volcano  that  is  12  leagues  distant  from  the  sea,  and  the  greater 
nun^ber  are  upon  the  shore.  This  scientific  traveller  informs  us^ 
likewise,  that  all  the  great  volcanoes  of  Mexico  are  found  not 
merely  in  almost  the  same  line  transversal  to  the  direction  of  the 
Cordileyras,  but  likewise  within  a  few  minutes  of  the  same  parallel^ 
as  if  they  were  all  elevated  above  a  subterraneous  crevice  which 
extends  from  sea  to  sea.  He  ascertained  all  these  facts  by  measures 
and  determinations  of  positions,  as  exact  as  troublesome  to  take. 
The  public  will  see  the  whole  details  in  the  continuation  of  the 
celebrated  work  in  which  M .  de  Humboldt  has  consigned  the  result 
of  his  great  work  on  America. 

M.  de  Humboldt,  in  a  memoir  on  vegetation  In  the  Canary  Isles^ 
has  stated  some  general  considerations  on  the  geography  of  plants. 
By  combining  the  results  of  observation  with  the  double  influence 
which  the  latitude  and  the  height  in  the  atmosphere  produces  on  the 
temperature,  he  has  fixed  for  a  certain  number  of  points  the  limits 
of  perpetual  snow,  the  mean  temperature  of  the  air  at  that  limit 
taken  during  the  whole  year,  and  likewise  the  particular  temperature 
of  the  winter  and  summer  months ;  and  he  has  shown  that  we  may 
d<^uce  from  these  difierent  data  thd  habitual  distance  between  that 
fimtt  and  the  heights  on  which  trees  and  corn  grow ;  and  that  even 
the  variations,  apparently  capricious,  which  the  same  species  of 
trees  present  in  different  climates,  may  be  explained  when  we  join 
to  these  data  the  consideration  of  the  period  of  the  year  when  each 
tree  increases  in  bulk. 

It  has  been  long  known  tfiat  the  number  of  stiprmata  is  not  con- 
stant in  the  family  of  cypereaej  nor  was  it  believed  that  these 
variktions  were  sufficiently  important  to  serve  as  a  basis  for  the  dis- 
tinfction  of  the  genera, 

M.  Schkuhr,  a  German  botanist,  first  observed  that  in  the  genus 
of  carex.  there  exist  species  with  two  and  three  stigmata,  and 
that  the  number  of  these  organs  is  always  the  same  as  that  of  the 
angles  of  the  fruit. 

Our  associate,  M.  the  Baron  de  Beauvois,  has  ^  *hi& 

observation  to  all  the  plants  of  the  family.     He  Vvai- 
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that  have  four  ^ti^inata,  and  in  ivhich  ihe  fruit  is  evidently  qua. 
drangular,  at  least  in  some  of  its  parts.  Such  ia  particular  are  the 
sckosruis  mariscus,  the  gahnia  psiUacoruta  of  M.  de  la  fii!lardiere> 
and  a  very  remarkable  new  genus  brought  from  the  Cape  by  M.  du 
Petit  Thouars,  and  which  M.  de  Beauvois  calls  leiraria,  on  accouQt 
of  the  repetition  of  a  quaternary  number  in  the  diHerent  parts  of 
its  flower. 

M.  de  Beauvois  concludes  from  his  observations  that  the  number 
of  stigmata  has  an  importance  more  than  sufficient  to  furnuh  the 
generic  characteri.  This  will  be  so  much  tlie  more  advantageous^ 
as  some  genera  of  cyperete  have  very  numerous  species,  very  diffi- 
cult  to  distinguish. 

M.  de  Beauvois  has  likewise  made  new  observations,  which  itt 
his  opinion  more  and  more  confirm  a  notion  wliich  he  has  long 
entertained  and  supported,  respecting  the  fructification  of  mosses; 
Damely,  that  the  green  powder  which  fills  the  urns,  and  which 
Hedwig  considers  as  the  seed,  is  nothing  else  than  the  pollen ;  and 
that  tlie  true  seed  b  contained  in  what  botanists  term  the  columella 
of  the  urn. 

M.  de  Beauvois  has  remarked,  that  at  first  this  green  powder, 
like  the  pollen,  is  nothing  else  than  a  compact,  shapeless  niass^ 
which  gradually  acquires  consistence,  and  at  last  divides  into  powder, 
the  grains  of  which  are  united  by  small  filaments,  and  composed 
each  of  two  or  three  small  compartments,  full  of  a  humor  com- 
parable to  the  aura  ieminalis  of  ordinary  pollen ;  and  mixed  with 
other  smaller  grains  which  are  opaque  and  ovoid.  This  successive 
divi:ion  holds  equally  with  the  powder  contained  in  the  Tenifonu 
bodies  of  the  lycopodise,  and  in  the  interior  of  the  mushrooms 
called  lycoperdons.  The  little  central  body  regarded  hitherto  ai  a 
columella,  which  varies  in  form  in  dliferent  genera,  but  preserves 
nearly  the  same  shape  in  the  same  genera,  and  to  which  in  all 
cases  the  green  powder  is  attached;  terminates  in  an  appendix, 
which  is  prolonged  in  the  opercula  of  the  urn,  and  which  ^lls  off 
with  that  operrtila ;  so  that  the  prelended  columella  is  then  open, 
doubtless  to  facilitate  the  escape  of  the  little  grains  which  M.  de 
Beauvois  has  observed  there,  and  which  h«  considers  as  seeds. 

This  skilful  botanist  has  obsened  (hat  in  the  polytricha  and  other 
mosses  the  smi)ll  filaments  which  Hedwig  considers  as  antherie  are 
still  perfect  at  a  period  when  the  powder  in  the  urn  has  acquired  its 
full  developement.  But  the  contrary  ought  to  be  the  case  if  these 
filaments  were  male  organs.  They  ouglit  to  have  performed  (heir 
function  and  to  be  decayed,  before  the  green  powder,  considered  as 
the  seed,  has  come  to  a  state  of  maturity.  Hence  M.  de  Beauvois 
concludes  that  the  filaments  la  question  are  rather  female  organs. 
The  mtases,  then,  belong  to  the  class  of  poli/gnmia ;  for  M.  de 
Beauvois  shows  that  ilie  small  opaque  grains  which  he  has  seen  in 
the  columella  were  also  seen  and  reprcseHted  by  Hedwig,  at  least  in 
the  hryum  stiialtivi.  The  urns  of  mosses,  then,  according  to  M. 
de  Beauvois,  arc  inco;itestahly  herma^hiodite  flowers.  ""~ 
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M.  dtt  Petit-Hiouars  has  made  the  Class  acquaiDted  with  some 
interesting  ob^rvations  in  vegetable  philosophy.  One  among  othen 
ahows  very  well  the  connexion  of  the  leaves  with  the  woody  layejr 
of  the  same  yean  When  a  leaf  fells,. we  see  at  the  base  of  its 
pedicle  a  number  of  points,  variable  accordinc^  to  the  form  of  the 
iesf,  'and  the  number  <rf  leaflets  of  which  it  is  composed.  These 
iure  sections  of  as  many  filaments,  which  are  vessels,  or  rather 
bundles  of  the  fibres  of  the  leaf.  If  we  examine  the  place  from 
#faich  the  leaf  fell,  we  discover  the  same  points,  and  we  may 
IdIIow  the  filaments  into  the  interior  of  the  wood ;  but  if  we  make 
tli9  same  observation  in  the  spring,  upon  a  leaf  newly  developed^ 
the  filaments  will  be  found  to  extend  only  to  the  sur&ce  of  the 
ipood.  IVo  or  three  months  after  a  new  layer  of  wood  being 
fbrmed  envelopes  them  in  its  thickness. 

^'  The  same  botanist  has  made  curious  remarks  re^>ecting  the  relai* 
tkib  of  the  number  of  stamina  with  that  of  the  other  parts  of  the 
flower,  and  has  found  that  in  several  genera,  as  the  polygonum^ 
iheum,  &c«  in  whkh  this  relation  seems. very  irregular  and  inconr 
ttant,  the  number  of  stamina  is  equal  to  the  sum  of  the  divisions  of 
die  calix  and  pistils  taken  together.  This  is  a  singular  fact,  the 
otmnexion  of  which  with  the  general  structure  of  tl^  flower  is  noc 
ily  seen. 
•  Desvaux  has  presented  a  memoir  on  a  family  of  plants  th^ 
finctification  of  which  is  concealed,  namely,  the  algcBy  compre- 
hending, among  others,  all  the  sea  plants  called  fucus.  He  has 
proposed  to  establish  in  them  several  new  genera,  and  has  made 
experiments  to  ascertain  if  the  filaments  by  which  the  fuci  adhere  to 
the  rocks,  and  to  the  bottom  of  the  sea,  be  true  roots.  For  that 
puipose,  after  having  detached-several feet.of  their  natural  adbesionsj 
lie  fixed  them  to  stones  by  means  of  cords,  or  other  artificial  me- 
ibods,  and  plunged  them  again  into  the  sea.  Having  visited  them 
some  time  after,  he  found  that  they  had  increased  very  sensibly.  It 
was  known,  likewise,  that  some  species,  as  the  fucus  natans^  live 
and  increase  very  well  without  being  attached  to  any  thing. 

M.  Lamouroux,  Professor  at  Caen,  has  sent  several  memoirs  to 
like  Class  on  the  same  plants,  which  his  nearness  to  the  sea  has 
enabled  him  to  observe,  and  to  which  he  gives  the  name  of  thalas- 
ibphytes.  After  having  pointed  out  all  the  divisions  of  which  they 
inie  susceptible,  he  has  considered  them  as  furnishing  food  to  man 
and  the  inferior  animals,  as  useful  in  rural  and  domestic  economy, 
and  in  the  arts.  One  is  astonished  to  learn  how  many  usefiil  and 
ijgieeable  purposes  they  are  appliied  to  by  different  nations.  ScHne 
cat  them  directly,  or  form  thetn  into  a  nourishing  and  agreeable 
jdly :  others  employ  them  for  feeding  their  cattle.  They  are  all 
dqNible  of  furnishing  soda,  and  they  constitute  an  excellent  manure. 
Soine  fiirnish  sugar,  others  dye  stuffs.  Of  some  mats  are  made, 
and  drinking  vessels,  and  even  musical  instruments.  What  is 
called  Carsican  mass  constitutes  a  valuable  remedy^  &c» 
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ftciENTiFic  intelligence;  anb  notices  of  subjects 

CONNECTED  WITH  SCIENCE.  '     . 

\*.  Lectures. 

The  following  lectures,  which  were  formerly  delivered  id  tlie 
Theatre  of  Anatomy,  will  in  future  be  delivered  in  the  Mediod 
Theatre,  No.  42,  Great  Windmill-street:-^ 

1.  On  the  Laws  of  the  Animal  Economy,  and  the  Theoiy  and 
Practice  of  Physic:  by  George  Pearson,  M.D.  F.'R.S.  senior 
physician  to  St.  George's  Hospital,  &c.  &c.  * 

2.  On  Materia  Medica,  Therapeutics,  and  Medical  Jurispru« 
^ence :  by  Richard  Harrison^  M.  D.  Fellow  of  the  Royal  CoU^ 
of  Physicians,  and  Physician  to  the  Northern  Dbpensary. 

3.  On  Chemistry :  by Granville,  M.  D. 

4.  On  the  Theory  and  Practice  of  Surgery :  by  B.  C«  Brodie, 
F*R.S.  Assistant  Surgeon  to  St.  George's  Hospital. 

Sir  Everard  Home's  gratuitous  lectures  to  the  pupils  of  St 
George's  Hospital  wUl  also  be  given  in  this  tlieatre. 

II.  Yttro-Cerite. 

There  has  been  lately  found  at  Finbo^  ne^r  Fahlun^  in  Sweden, 
1^  new  substance,  containing 

Lime • . .  47*77 

Yttria     14*60 

Oxide  of  cerium   13*15 

Fluoric  acid   • « •  • 24*46 

99*98 

Messrs.  Gahn  and  Berzelius  have  given  it  the  name  of  yUra^ 
cerite.  It  has  been  found  in  the  form  of  a  powder,  of  a  violet 
colour,  or  pale  blue,  covering  pyrophysalite. 

III.  Steinkeilite. 

.  This  mineral  ha$  bepn  Iqng  valued  in  collecdons,  on  account  of 
its  blue  colour,  but  has  been  merely  considered  as  quartz.  'Cdunt 
Steinheil,  Governor  General  of  inland,  having,  however,  fi(t)m 
the  angles  of  some  crystals,  considered  it  as  something  diflferent 
.  from  quartz,  requested  Professor  Gadolin  to  examine  it ;  and  lie  hai 
found  it  to  contain  a  larg^  quantity  of  alumina.  It  appear  to  1^ 
^oqfiething  ))etween  quartz  and  sapphire. 

•  *  ■ 

...... 

•  Some  of  Dr.  Eearson's  let^Uires  #re.delifer^  at  hia  lh<»atr<?,  in  Georso^treH, 
Manover^Mquare, 


1615.]  .   Scientific  InieUigeme.  151 

rV.  Flm-Arseniate  of  Lime, 

This  is  a  yellowish  substance,  which  accompanies  the  oxide  of  tin 
at  Finbo,  near  Fahiun.  It  is  seldom  got  in  large  masses;  but  is 
spread  on  the  quartz  or  felspar.  It  is  a  combination  of  fluoric  and 
arsenic  acids  and  lime. 

V.  Gadolinite. 

Mr,  Berzelius  has  found  that  all  the  gadolinites  contain  cerium^ 
and  that  the  yttria  hitherto  obtained  from  gadolinitc  has  not  been 
pure,  but  contained  cerium.  He  has  lately  discovered  a  method  of 
separating  the  cerium  from  the  yttiia. 

VI.  New  Mass  of  Native  Iron  discovered — BlumenhacKs  Arrange'^ 

ment  of  the  Human  Species. 

(To  Dr.  Thomion.) 
MY  DEAR  SIR, 

If  you  can  make  any  use  of  the  following  notices  for  the  miscel- 
laneous articles  of  the  next  number  of  your  Journal,  I  beg  you  will 
insert  them  in  any  manner  you  think  proper.  Being  again  in  cor<^ 
respondence  with  Germany,  I  may  be  enabled  in  future  to  furnish 
you  with  other  materials  for  that  part  of  your  publication. 

Baron  Moll,  of  Munich,  writes  to  me  that  towards  the  end  of 
October,  1814,  a  mass  of  native  iron,  weighing  about  200  lbs.,  has 
been  discovered  by  a  shepherd  at  Lenarto,  in  the  comitate  of  Sarosh^ 
on  the  declivity  of  a  small  range  subordinate  to  the  Carpathian 
mountains.  Internally  it  is  light  steel-grey,  approaching  to  silver* 
white;  extenially  it  is  covered  by  a  slight  coat  of  a  dark  drown 
rust ;  its  surface  is  rough,  uneven,  and  marked  with  impressions ; 
only  three  cavities  are  observed,  which  may  be  called  cells ;  but 
they  are  without  any  of  the  olivine-like  substance  which  has  been 
found  within  those  of  the  Siberian  native  iron.  The  form  of  this 
mass  is  irregular  and  flat,  as  if  compressed.  It  is  of  a  very  close 
grain,  and  takes  an  excellent  polish  ;  its  fracture  is  hackly  in  a  high 
degree ;  it  is  perfectly  malleable  in  the  cold ;  its  solution  in  nitric 
add  is  of  a  light  emerald-green  colour.  A  complete  account  of  it 
will  be  given  by  Professor  Sennowitz,  at  Eperies ;  and  a  chemical 
analysis  by  Dr.  Schuster,  of  Pesth. 

In  the  New  Annual  Register  for  1818,  the  following  notice  has 
^)cen  taken  of  the  Physionomies  Nationales^  published  at  Paris  :— -^ 
**  This  tract  is  drawn  up  agreeably  to  the  system  of  Mr.  Blumen- 
bach,  who,  in  truths  has  derived  his  classification  from  Gemlin 
{sic\  with  a  mere  variation  of  the  names :  for  the  five  divisions 
under  which  the  human  species  is  enumerated  by  the  former,  we 
mean  the  Caucasian,  Mongul,  American,  Ethiopian,  and  Malay^ 
are  only  the  white  man,  brown  man,  red  man,  black  man,  and 
tawny  man  of  the  latter."  Whoever  is  in  the  least  acquaintwl  with 
tbe  r^pective  merits  of  the  two  Professors  confronted  ia  this  pas- 
sage^  will  probabl]^  noi:  be  disposed  to  beUeye  l\^\.  ^e>^^^£^^^^ 
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author  of  so  many  original  works,  especially  relative  to  the  history 
of  the  human  species,  should  have  condescended  to  commit  pla- 
giarism on  a  writer,  who,  whatever  merit  his  laborious  works  may 
be  allowed  to  possess,  cannot  possibly  lay  claim  to  a  single  original 
idea  relative  to  the  subject  in  qusstloD.  The  fact  is,  thai  Biumeo* 
bach  published  his  classification  of  the  human  species  as  early  as 
177^1  in  the  first  edition  of  his  Manual  of  Naiural  History;  and 
afterwards  (1781)  in  a  new  edition  of  his  work  De  Generis  Human) 
Varictate,  &c.  In  1 788  the  same  division  was  adopted  by  Gmelia 
in  his  edition  of  Linnieus's  Systema  Naturffi,  t.  i.  p.  23,  seq.  where, 
without  mentioning  the  source  from  which  he  has  derived  themi 
he  substitutes  five  names  perfectly  improper  for  designating  the 
varielies  of  the  human  species. — Si^tm  ciiique ! 

|£etieve  me,  my  dear  Sir,  ■^H 

Your  very  obedient  servant,  ^^H 

SriJfiA  Autcum,  Jiinb!4,  1815.  ChAKLUS   KoHt^^H 

VII.  Orlhoceratile  in  a  Marble.  '^H 

(Td  Dr.  ThamsDD.)  "^^1 

DEAR  SIR,  '^^^B 

Those  of  your  readers  who  feel  interested  in  Dr.  Fleming's  inge- 
nious paper  on  orthoceratiles  will  find  in  the  Philosophical  'fraiis- 
actions  for  1757j  article  104th,  a  valuable  description  of  a  shell  of 
the  same  species,  discovered  in  a  marble  table  at  an  inn  in  Ghent. 
The  marble  was  of  a  coarse  grain,  and  dusky  brown  colour;  inter- 
spersed with  streaks  of  white.  It  was  2  feet  A-^-^  inches  long — a 
tjoDcamerated  tube,  of  a  slender  conical  figure,  and  consisted  of  fidt 
partitions  or  concamerations,  all  filled  with  the  stalacticat  matter  of 
the  marble.  '  1  am.  Sir,  yours,  &c.  ' 

JHrdan,  1815.  M.  W. 

yiU.  On  the  Extraction  of  the  Cube  Roots  of  Binomials. 
By    Mr.    Lockhart. 


The  utility  of  a  method  for  extracting  the  cube  roots  of  binotniaU 
1]eing  well  known  to  your  algebraical  correspond ents^  I  am  anxious 
that  the  one  which  I  have  given  should,  if  correct,  be  established 
past  all  doubt. 

Your  correspondent,  Mr.  Atkinson,  supposes  that  I  have  made  a 
mistake  in  respect  of  the  root  relating  to  t.  hei  it  be  tried  by  th^ 
proper  test  of  an  equation. 

x"  -  252  3:=  I29fi 

Where  x=  \&,  t-  \2,  V  =  G 


Then  -  (  =  :/  648  +  V  -  172800  +  v'  648  -  V  —  1/^800. 

The  cube  root  of  the  first  number  is  —  6  +  V  —  48,  iw( 

^  6  —  ^/  —  48,  as  corrected  by  Mr.  Atkinfoa. 
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_ 

48 
48 

648   +    V  —   172800 

|»  JneAicible  equatioDs,  (*  is  always  greater  than  -^ ,   therefbm  J 

1-^  —  P  would  be  a  contradiction.     When  the  equations  are  i* 
ducible,  ( is  imaginary,  and  consequently  has  no  magnitude. 
1  am,  Sir,  your  obedieut  servant, 
FiM  Htad,,  Jme  8,  1815.  jAHii^S  LoCKHART. 

IX.  Another  Explosion  in  a  Coal-Mine  near  Newcastle. 
We  are  sorry  it  sliouid  so  soon  again  be  our  painful  duty  to  hav£  I 
to  record  another  of  those  melancholy  accidents  which  have  so  frc-  [ 
quently  of  late  occurred  in  our  coiil-mines.   On  the  morning  of  tin  ' 
27th  uit.  an  explosion  of  inflammable  air  took  place  in  the  Isabella 
pit,  at  Sheriff-hill  colliery,  hy  which  Mr.  Fo^gtit,  viewer,  Robert 
Fcgget,  undcrviewer,  Geo.  Foggcl,  deputy  overman,  John  Scott, 
overman,  Wm,  Wind,  Nich.  Codling,  Geo.  Richardson,  and  Jas. 
Young,  depuiy  overman  ;  also  Geo.  Wind  and  Hugh  Barker,  boys, 
were  unfortunately  killed.     During  the  night  of  the  2Gth,  a  fall  of 
the  roof,  accompanied  by  a  feeder  of  water,  took  place ;  the  water 
passing  into  the  dip  workings,  filled  them  up  so  as  to  obstruct  the 
current  of  air,  and  an  accumulation  of  the  inflammable  gas  ensued. 
When  Mr,  Scott,  the  overman,  went  down  the  following  morning^ 
he  observed  that  the  ventilation  of  the  mine  was  nearly  suspended, 
and  immediately  stopped  the  pit's  crew  from  going  in  to  work  until 
be  could  investigate  the  cause  of  the  stagnation.    This  he  effected  I 
in  a  short  time,  and  restored  the  ventilation  partially.     He  then   I 
sent  to  Mr.  Fogget  for  his  advice  and  assistance,  who  went  down  ' 
the  pit  without  loss  of  time,  accompanied  by  his  two  brothers,  ths 
parties  above-named,  and  John  Ledger,  a  boy.     Had  Mr.  Scott  ^ 
not  acted  with  this  caution  and  judgment,  it  is  more  than  likel^  ,' 
that  the  Uvea  of  the  whole  of  the  crew  would  have  been  lost. — Mr,   > 
Fo^et,  accompanied  by  John  Scott  and  the  other  parties,  the^.  J 
proceeded  into  the  workings,  to  make  such  a  change  in  the  ventila^  ^ 
pgn  u  would  restore  the  pit  to  a  safe  woiting  auxc  ft?,Ki.u.   \^V " 
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they  were  employed  in  this  operation,  the  gas  backed  against  the 
current  of  atmospheric  air,  and  exploded  at  the  lights  which  were 
placed  to  windward  of  ihefoitl  part  of  the  workings.  Mr.  George 
Fogget  being  ill,  was  obliged  to  leave  his  two  brothers  and  their 
companions  before  the  accident  happened,  and  nearly  reached  the 
bottom  of  the  pit,  accompanied  by  Robt.  Copeland,  who  was  em- 
ployed in  the  rail-way,  when  they  felt  the  shock  of  an  explosion. 
They  immediately  returned,  and  had  proceeded  to  within  200  yards 
of  the  place  where  Geo.  Fogget  had  left  his  brothers,  when  Cope- 
land  found  it  impracticable  to  go  further  with  safety,  on  account  of 
the  qftPT'damp.  He  then  advised  Geo.  Fogget  to  return  with  him 
to  give  the  alarm  ;  but  this  he  refuseo^io  do,  and  persisted  in  going 
in-ly  to  look  after  his  brothers,  and  James  Young,  bis  son-in-law. 
He  unfortunately  fell  a  victim  to  his  exertions ;  he  died  of  suBbca- 
tiOD,  and  his  body  was  found  lying  beside  those  of  his  two  brothers. 
John  Ledger,  tlie  only  survivor,  was  within  20  yards  of  the  candles 
at  which  the  gas  fired,  and  saw  it  fire ;  he  was  slightly  hurt,  but, 
from  the  effect  of  the  after-damp,  lay  about  ten  hours  in  a  state  of 
insensibility  before  he  could  be  rescued  from  hb  perilous  situation. 
The  above  accident  _fonns  another  powerful  reason  of  the  necessity 
for  the  establishment  of  some  general  and  permanent  fund  for  the 
relief  of  the  survivors  of  those  who  sutfer  in  the  mines. 

X.  Nickel- Anlimonerx. 

This  new  ore  of  nickel  has  been  lately  analyzed  by  Dr.  John. 
He  found  the  constituents  as  follows : — 

Nickel 23-35 

Antimony,  with  arsenic,  aod  a  trace")     6i.go 
of  iron j 


Sulphur     U-IG 

Unknown   body,    probably   lead    or")       „_, 
silver,  with  silica J 

100-00 
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XI.    New    Curve. 

(To  Dr.  TbomMD.) 
SIR, 
By  presenting  to  the  readers  of  the  Annals  of  Philusi  ^ 
following  curve,  which  1  denominate  a  radialTix,  you  will  oblige 

M.    N. 
Genesis  of  the  Curve. — If  one  extremity,  O,  of  the  radius  of  a 
circle  be  made  to  trace  the  circumference,  the  other  extremity,  V, 
moving  always  in  the  direction  of  a  given  point,  F,  in  the  circum- 
ference will  describe  a  curve  called  a  Tadlalrix. 

Defmiiions- — 1,  The  directing  point,  F,  is  \.\iK  focus.  2.  Any 
■straight  line,  F  P  or  F  I",  drawn  from  llie  focus  to  any  point  in 
the  curve  is  a  chord.  3.  The  chords  FV  and  FV,  which  past 
'thmug-h  the  cialre  of  the  circle,  arc  the  interior  and  axlerior  axes. 


iflrti*]  ScierU^  Jhtdligenie.  iSS 

4.  The  extnemide^,  V  and  V,  of  the  axes  are  the  interior  and  ex- 
ieriar  vertices.  5.  The  angle  contained  by  a  chord  and  the  axis  it 
tbp  vertidfU  inclination  of  that  chord. 

CoroUarv  1.— The  interior  axis  b  equal  to  the  radius  of  the 
larde^  and  the  exterior  axis  is  equal  to  thrice  that  radius. 


CoroL  2. — If  radius  equal  unity,  any  interior  chord,  FP,  is 
equivalent  to  the  difTerence  between  the  interior  axis  and  the 
rectangle  under  twice  that  axis,  and  the  cosine  of  the  vertical 
inclination  of  that  chord. 

CoroL  3. — Any  exterior  chord  is  equivalent  to  the  interior  axis 
plus  or  minus  the  same  rectangle,  according  as  the  chord  is  greater 
or  less  than  the  interior  axis. 

CoroL  4. — If  a  tangent,  G  H,  to  the  circle  at  the  focus  be 
limited  by  the  curve  at  G  and  H,  it  is  equal  to  twice  the  interior 
axis. 

Prollem. — Any  obtuse  angle,  ABF,  being  given,  to  trisect  it 
by  means  of  the  radiatrix. 

Produce  A  B  one  of  the  sides  of  the  angle,  and  upon  the  other 
side  let  a  segment  of  a  circle  be  described,  which  shall  contain  an 
angle  equal  to  the  supplemental  angle  C  B  F :  through  F  as  a  focus, 
and  the  centre,  V,  as  an  interior  vertex,  let  a  radiatrix  be  described : 
through  the  point  P,  where  the  curve  is  cut  by  the  diameter,  draw 
F  P  D,  join  D  B  and  D  V.  The  angle  D  B  P  is  one-third  part  of 
ABF. 

For  since  D  V  is  equal  to  B  V,  the  angle  V  D  B  fs  equal  to 
y  B  D,  and  the  exterior  angle  D  V  P  to  double  of  the  interior 
angle  I)  B  P  :  and  because  DP  is  in  the  direction  of  the  focus  F, 
D  P  is  equal  to  the  radius  D  V :  therefore  the  angle  D  P  V  b  equal 
to  D  V  P,  or  is  double  of  V  B  D.  Now  the  angle  C  B  F  being 
equal  to  B  DP  in  the  alternate  segment,  the  angles'  D*BP  and 
D  P  B  aire  together  equal  to  ABF:  and  consequently  the  angle 
D  B  P  is  one^ihirdy  and  D  P  B  two-thirds,  of  A  B  F.  i ' 

CoroUnry. — ^The  excess  of  60^ above  one-third  of  A  BF  is  oue- 
ikud  of  (he'  supplemental  acute  angle  C  B  F,    . 
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ScUniific  btelligenct. 

XII.  Nature  of  Fntly  Boiias. 

M.  Henri  Braconnot  has  lately  made  a  curious  set  of  cxperimenls 
upon  the  fatty  bodies,  bnth  animal  and  vegetable.  He  has  sIiowd 
that  they  all  consist  of  two  distinct  substances;  1.  A  lltjuid  oil: 
2.  A  solid  substance,  aaalo^us  to  was  or  tallow  in  its  appearance 
and  properties.  He  separated  tliese  two  bodies  from  each  other'by 
a  mechaaical  contrivance.  The  oil  is  imbibed  by  paper,  but  not 
the  wax.  He  therefore  compressed  the  fatty  body  in  the  midst  of  a 
sufficient  quantity  of  paper.  The  oil  was  absorbed,  while  the  wax 
remained  m  a  state  of  purity.  Then  by  steeping  the  paper  in  hot 
water,  the  oil  separated  from  it,  and  switm  upon  the  sur^ce  of  the 
liquid.  The  wax  or  tallow  thus  obtained  from  all  the  fatty  bodies 
closely  resembles  myrtle  wax  in  its  properties.  If  the  fatty  body  be 
liquid,  it  is  necessary  to  congeal  it,  by  eiiposure  to  cold,  before  sub- 
jecting it  to  pressure. 

The  following  are  the  results  which  Braconnot  obtained  froa 
different  fatty  bodies. 

Vosges  butter  ia  summer  is  composed  of 

Oil 60 

Tallow    40 

100 
But  in  winter  its  compoutioa  was 

Oil S5 

Tallow    65 

100 
Hog's  lard  was  composed  of 

Oil 62 

Tallow    38 

too 

Ox  marrow,  of 

Tallow 76 

Oil 24 

100 
MuTow  of  sheep,  of 

Tallow    2fi 

OU 1* 

100 
Goowfe^  of 

Oil 68 

Tallow   32 


&j«J9in 


Suck  fat,  of 

Oil 72 

Tallow    28 

100 
ike;  fat,  of 

Oil 7* 

Tallow    its 

ioo 

EjOlive  oil,  of 

Greenish  yellow  oil    * . . . .  72 

Tallow  (very  white)    2B 

100 
pOil  of  sweet  almoadi,  of 

Yellow  oil 76 

Tallow 24 

100 
Oil  of  colsa,  of 

Yellowoil   S4 

Tallow     46 

100 

(See  Annales  de  Chimie,  March,  1815.) 

XIII.  Accidertl  which  happened  to  M.  Vaugueliit. 
M.  Vauquelin,  wishing  to  examine  the  properties  of  chloric  acj 
lately  discovered  by  M.  Gay-Lussac,  prepared  a  quantity  of  i 
according  to  the  process  of  Mr.  Chenevix.  This  process  consists  i| 
laturating  baryles  with  chloric  acid,  and  evaporating  to  drynea  _ 
The  saline  mass  is  mised  with  phosphate  of  silver,  and  boiled  ia'i 
water  acidulated  with  acetic  acid.  Nothing  remains  in  solution  but 
chlorate  of  barytes,  which  is  easily  obtained  in  crystals.  Vauqiiclii) 
put  30  grains  of  these  crystals  into  a  platinum  crucible,  and  ex- 
posed them  to  heat,  in  order  to  ascertain  the  quantityof  oxygen  gas 
which  they  contained.  A  violent  detonation  took  place,  and  the 
crucible  was  broken  and  torn  in  a  remarkable  manner.  Vauquelin 
found  that  these  crystals  were  not  pure  chlorate  of  barytcs.  They 
coataioed  likewise  a  mixture  of  acetate  of  barytes.  To  this  salt  the 
combustion  was  owing.  Hence  Cbenevix's  method  of  prepaiii^ 
this  salt  does  sot  answer. 


Article  XII. 
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List  of  Patents. 

Thomab  Potts,  Batchworth  Mills,  Rickmansnortli,  Jq  the 
county  of  Herts;  for  combining  and  applying  principles  already 
known  for  the  purpose  of  producing  pure  fresh  warm  air,  and  aS 
such  mode  or  mtians  of  combination  and  application  of  principles 
already  known  to  such  purposes  as  aforesaid.     March  H,  1815. 

Jonathan"  Ridgway,  Manchester ;  for  a  method  of  casting  and 
fixing  at  the  same  time  metallic  types  on  the  surface  of  metallic 
cylinders,  or  metallic  rollers  ;  or  any  cylinders  or  rollers  having  me- 
tallic surfaces ;  or  on  blocks  of  metal ;  or  on  blocks  having  metallic 
surfaces;  or  on  flat  metallic  plates;  for  the  purpose  of  printing 
patterns  on  cloth  made  of  cotton  or  linen,  or  both.  March  14, 
1815.  ' 

William  Bell,  Edinbitrgli ;  for  certain  improvements  in  the 
apparatus  for  manuscripts  or  other  writings  or  designa,  March  14, 
1815. 

Hknh?  Houldsworth,  Anderton,  near  Glasgow ;  for  a  me- 
thod of  discharging  the  air  and  condensed  steam  from  pipes  aietl 
for  ihe  conveyance  of  steam,  for  the  purposes  of  heating  buildings, 
or  other  places.     March  IS,  1815. 

Charles  Gent,  Congleton, Chester,  and Sqoare  Clark;  far 
a  method  of  making  a  swift,  and  other  apparatus  thereto  belonging, 
for  the  purpose  of  winding  silks.     March  21,  \S\b. 

RiCHARH  Smith,  Tibbingtori  House,  Staffordshire;  for  im- 
provements in  smelting  iron  stone  or  iron  ore,  lead'  or  copper  ore, 
and  other  mineral  or  metallic  substances;  also  of  refining  crude 
iron,  lead,  copper,  gold,  silver,  tin,  and  all  other  metals  or  me- 
tallic bodies ;  and  of  making  and  manufacturing  iron.  March  29^ 
1S15. 

Thomas  BAfiOT,  Birmingham;  for  a  method  and  machine  for 
passing  boats,  barges,  and  other  vessels  from  a  higher  to  a  lower 
level,  and  the  contrary,  -  without  tuss  of  water.     April  4,   1815. 

William  Vaughan  Palmer,  Ilminster,  Somersetshire;  for» 
method  of  twisting  and  laying  of  hemp,  flax,  ropes,  twine,  line, 
thread,  mohair,  wool,  coiton,  silk,  and  metals,  by  machinery, 
whereby  considerable  saving  of  manual  labour  is  effected.  April 
A,   1815. 

.  William  Losk,  Point  Pleasant,  Northumberland  ;  for  a  plan 
for  6re-places  or  furnaces  for  heating  ovens  and  boilers,  and  the 
water  or  other  liquids  contained  in  boilers,  and  for  converting  such 
water  or  other  liquids  into  steam,  for  the  purpose  of  working  en- 
gines, and  for  other  uses  in  manufactures.     April  8,  1815. 

JosiitTA  Shaw,  Mary-street,  Fitzroy- square,  London;  for  cer- 
tain improvements  in  the  tool  or  instrument  called  the  glazier's 
diamond.     April  14,  1815.  ^^^ 
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Sixth  Month. — 4.  Cloudy  :  windy.  5,  6.  Windy,  with  Cumu- 
loslratus  and  CiTrocumidus :  showers.  7-  Heavy  clouds:  and  at 
noon  a  sound  like  distant  thunder  in  the  N.  E, :  towards  evening 
the  dense  clouds  dispersed,  leaving  Cirri  at  a  great  elevation,  and  a 
most  beautiful  CirrostratJi'i,  grained  like  wood,  in  the  N,  W. : 
hygrometer  (De  Luc's)  30°  to  35".  8.  A  grey  sky,  with  Orroai- 
malits,  &c.  which  formed  heavy  Cumuloslralus,  threatening 
thunder:  bat  a  few  drops  of  rain  falling,  the  whole  dispersed, 
save  some  CiiroHTatm.  9;  Cirrocamvlus,  with  Cirrostratus :  a 
fine  day:  much  dew  at  night,  with  ft"  difference  in  the  thermo- 
meters. 10.  A  very  fine  day  :  in  the  course  of  which  the  hygro- 
meter went  10  24*^.  11.  a.m.  Clouds  and  wind,  followed  by  a 
shower,  p.m.  12.  Overcast:  hygrometer,  at  8  a.m.  G2°;  at  9, 
55* :  clouds  from  S.  E.,  the  wind  being  N.  W. :  a  little  rain  :  tha 
evening  obscure,  with  Cirrus  and  Cirrostratus  hanging  very  low. 
Is.  Cloudy  morning :  showers:  after  which  large  Cm  tum/j,  capped 
and  followed  by  Nimbi ;  from  one  to  two,  p.  m.  heavy  rain,  the 
wind  going  from  S.  B.  by  S.  to  N.  E,  then  back  to  S.  W.  :  some 
thunder  followed,  and  a  fine  afternoon,  hut  th«  Cirrostratus  re- 
mained at  night.  1 1.  Wet  morning :  hygr.  at  8,  72° ;  at  9,  50"  t 
after  some  showers,  a  fine  afternoon.  15.  Hygr.  at  9,  55°: 
showers  and  wind  :  fair,  p.  m.  \G.  Hygr.  at  9,  ^9°  :  a  fine  day : 
Cirrus  :  a  corona  round  the  moon.  17-  Hygr.  71°  :  wet  morning, 
snd  rain  in  tlie  night;  a  slight  shower,  p.m.  IS.  Hygr.  52*; 
rain  in  the  ntglu:  rather  cloudy.  19.  Hygr.  43":  a  pretty  fine 
day.  20.  Hygr.  40°:  rather  a  dull  day.  21.  Hygr.  65*: 
pleasant :  not  very  sunny  :  about  one,  p.  m.  a  clap  of  thunder,  and 
a  few  large  drops  of  rain.  22.  Hygr.  A'jP :  a  dull  cloudy  morning: 
a  little  rain,  p.m.  23.  Hygr.  44°:  morning  cloudy :  pretty  high 
wind.  24.  Hygr.  38°;  morning  very  dull  :  about  12,  cleared  up, 
and  the  sun  shone  very  hot :  p.  m.  cloudy  again.  25,  Bain  in  the 
night:  p  m.  sunshine  at  intervals.  26,  27,  28.  Very  fine  daysi 
hygr.  46°  to  5i!°. 

RESULTS. 
Winds   Variable. 

Barometer:  Greatest  height SO-l?  inches 

Least 29-21 

Mean  of  the  period 29708 

Thermometer:  Greatest  lieight 60° 

Least 38 

Mean  of  the  period 60'10 

evaporation,  I'SS  inch.  Rain,  1'75  inch. 

***  The  obsErvatioDs  frnin  Ibe  16[li  iDclusWe  to  tht  end  nere  made,  i 
absence  from  home,  by  m;  ioa,  Robert  Howard. 

Tottenham,  L.  HOWARD^, 

Set^/A  Monihf  jy,  1815. 
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Article  I* 


Biographical  Aocofunt  of  M.  Parmentier.    By  M.  Cuvkfj    ' 

Secretary  of  th«  Institute. 

4.  HE  sciences  have  made  that  degree  of  progress  as  no  longer  to 
excite  such  astonishment  at  the  great  efforts  which  they  suppose^ 
pxA  the  striking  truths  which  they  bring  to  lights  as  at  the  immense 
advantages  which  their  application  daily  produces  to  society.  There 
is  not  one  at  present  in  which  the  discovery  of  a  single  proposition 
may  not  enrich  a  whole  people^  and  change  the  face  of  states ;  and 
this  influence^  far  from  dimmishing,  must  daily  increase^  because 
it  is  easy  to  prove  that  it  depends  upon  the  nature  of  things. 

Allow  me  to  make  some  reflections  on  this  subject^  which  cannot 
be. misplaced,  either  in  this  house  or  before  this  assembly.* 
'  Hunger  and  cold  are  the  two  great  enemies  of  our  species.    Tha 
object  of  all  our  hearts  is  either  directly  or  indirectly  to  combat 
them. 

This  is  accomplished  by  tlie  combination  and  the  disengagement 
of  two  or  three  elementary  substances. 

To  nourish  ourselves  is  nothing  else  than  to  replace  the  parcels  of 
carbon  and  hydrogen  which  respiration  and  transpiration  carry  off. 
To  warm  ourselves  is  to  retard  the  dissipation  of  the  heat  which 
respiration  furnishes. 

To  one  or  other  of  these  functions  are  devoted  both  the  palacfe 
and  the  cottage ;  both  the  brown  bread  of  the  poor,  and  the  ex* 
pensive  food  of  the  glutton ;  both  the  purple  of  kings,  and  the 
pjtters  of  beggars.    Consequently  architecture  and  the  liberal  arts^ 

^        .  .    ,   .  ■  •  ThUShgt  iTM  read  to  the  IVcnc^  lQ«\li\,\kl«. 
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agricultnre  and  manufactures,  navigation,  commerce,  even  the 
greater  number  of  wars,  and  that  great  developement  of  courage 
and  gcDius,  that  great  apparatu!i  of  exertion  and  knowledge  which 
they  require,  have  nothing  else  for  their  final  object  than  two 
simple  chemical  operations.  Consequently  the  smallest  new  fact 
respecting  the  laws  of  nature  in  these  two  operations  may  reduce  the 
public  and  private  expenses,  may  change  the  tactics  and  direction 
of  commerce,  may  transfer  the  power  of  one  people  to  another,  and 
may  ultimately  aher  the  fundamental  relations  of  the  classes  of 
society. 

This  carlxm  and  this  hydrc^n,  wbieh  -we  consume,  without 
ceasing,  in  our  fires,  in  our  clothes,  in  our  food,  are  continually 
reproduced  for  a  new  consumption  by  vegetables  which  obtain  them 
from  the  atmosphere  and  fronTwalerT"  Vegetation  itself  is  fixed  by 
ihe  extent  of  the  soil,  by  the  species  of  vegetables  cultivated,  and 
fay  the  proportion  of  wood,  of  meadowstrad  corn-fields.  It  would 
be  rain,  therefore,  for  the  most  paternal  government  to  increase  the 
population  of  its  territories  beyond  a  certain  limit.  All  its  cares 
would  be  inefficacious,  unless  science  came  to  its  assistance.  But 
let  a  philosopher  contrive  a  fire-place  which  saves  a  portion  of  the 
fuel.  This  is  exactly  the  same  thing  as  if  he  had  added  to  the 
quantity  of  our  territory  planted  with  wood.  Let  a  botanist  point 
out  a  plant  which  in  the  same  space  furnishes  more  nourishment. 
This  is  the  same  thing  as  if  he  had  in  the  same  proportion  aug- 
mented our  cultivated  fields.  Immediately  there  will  be  room  in 
the  country  for  a  greater  number  of  active  men, 

Happy  conquests  which  occasion  no  efiuslon  of  blood,  and  which 
repair  the  disasters  of  vulgar  conquests !  Yes !  how  paradoxical 
soever  it  may  appear,  it  is  owing  essentially  to  the  progress  of  the 
sciences  that  society  does  not  sink  under  the  effects  of  its  own  fury. 

Without  chemistry,  what  would  have  become  of  all  our  manu- 
factures when  we  were  shut  out  from  the  places  which  furnished  the 
raw  materials !  Has  not  vaccination  preserved  those  children  des- 
tined sliortly  to  re|>]ace  those  that  have  been  cut  off  by  war  ?  And 
to  confine  ourselves  solely  to  the  labours  of  Parmentier  and  Count 
Humford,  is  it  not  evident  to  all  the  world  that  the  perseverance 
with  which  the  former  encouraged  the  culture  of  potatoes  has  ren- 
dered whole  countnes,  formerly  steriie,  fertile  and  inhabitable,  and 
has  twice  saved  us  within  20  years  from  the  horrors  of  famine  J  that 
the  discoveries  of  the  other  on  the  best  method  of  employing  com- 
bustibles have  counterbalanced  the  devastation  of  our  forests,  and 
that,  applied  to  the  preparation  of  food,  they  support  even  at  this 
moment,  from  one  end  of  Europe  to  the  other,  an  infinite  number 
of  unfortunate  persons. 

Let  any  person  reflect  for  a  moment  on  the  effect  of  a  small  im- 
provement applied  to  so  great  a  scale,  and  he  will  see  that  ii  must 
be  calculated  by  hundreds  of  millons. 

If  I  could  bring  before  you  those  fathers  of  families  who  no 
lon^^er  hear  around  them  t!ie  melanoholy  enies  of  want ;  those  mo- 
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then  who  have  recovered  that  milk  of  which  misery  was  drying  up 
the  source ;  those  children  who  no  longer  perish  in  their  first  year% 
withering  like  flowers  in  spring ; — if  I  could  inform  them  to  whom 
they  are  indebted  for  these  alleviations  of  their  misfortunes^  their 
cries  of  gratitude  would  render  it  unnecessary  for  me  to  speak  t 
there  is  not  one  of  you  who  would  not  willingly  exchange  his  finest 
tiiscovery  for  such  a  concert  of  blessings* 

You  will  listen  therefore  with  some  interest  to  the  details  of  the 
life  of  this  useful  man — this  is  a  tribute  which  you  will  pay  to  thos^ 
labours  which  the  progressive  state  of  civilization  requires  the  most 
imperiously. 

Antoine  Augustin  Parmentier  was  born  at  Montdidier  in  1737» 
of  a  family  established  for  many  years  in  that  city,  the  chief  offices 
in  the  ipagistry  of  which  it  liad  filled. 

^  .  The  premature  death  of  his  father,  and  the  small  fortune  whick 
be  left  to  a  widow  and  three  young  children,  confined  the  first 
educatbn  of  M.  Parmentier  to  some  notions  of  Latin,  which  his 
inother  gave  him — a  woman  of  abilities,  and  better  informed  than 
inost  of  her  rank» 

.  An  honest  ecclesiastic  undertook  to  develope  these  first  germs,  on 
the  supposition  that  this  young  man  might  beonne  a  precious  sub* 

i'isct  for  religion ;  but  the  necessity  of  supporting  his  faniily  obliged 
lim  to  choose  a  situation  which  would  ofier  more  speedy  resources. 
He  was  therefore  under  the  necessity  of  interrupting  his  studies ; 
and  his  laborious  life  never  allowed  him  to  resume  them  again  com- 
pletely. This  is  the  reason  why  his  works,  so  important  for  their 
litility,  have  not  always  that  order  and  precision  which  learning  and 
long  practice  alone  can  give  to  a  writer. 

In  1 755  he  was  bound  apprentice  to  an  apothecary  of  Montdidier, 
imd  next  year  came  to  continue  it  with  one  of  his  relations,  who 
^ercised  the  same  profession  in  Paris.  Having  shown  intelligence 
^d  industry,  he  was  employed  in  1757  as  apothecary  in  the  hos- 
pitals of  the  army  of  Hanover.  The  late  M.  Bayen,  one  of  the 
most  distinguished  members  whom  that  Class  ever  possessed,  pre- 
yed then  over  that  part  of  the  science.  It  is  well  known  that  be 
Was  no  less  estimable  for  the  elevation  of  his  character  than  for  his 
talents.  He  observed  the  dispositions  and  the  regular  conduct  of 
young  Parmentier,  contracted  an  acquaintance  with  him,  and  in- 
troduced him  to  M.  Chamousset,  Intendant  General  of  the  Hos* 
pitals,  rendered  so  celebrated  by  his  active  benevolence,  and  -to 
whom  Paris  and  France  are  indebted  for  so  many  useful  cstablish<> 
tnents. 

^  It  was  in  the  conversation  of  these  two  excellent  men  that  M. 
Parmentier  imbibed  the  notions  afid  sentiments  which  produced 
afterwards  all  his  labours.  He  learned  two  things  equally  unknown 
to  those,  whose  duty  it  was  to  have  been  acquainted  with  them  :  the 
extent  and  variety  of  misery  from  which  it  would  be  possible  to  free 
the  common  people^  if  we  were  seriously. to  occupy  ourselves  with 
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their  happiness  ;  and  the  numher  and  power  of  the  resources  vfhicH 
nature  would  offer  against  so  many  scourges,  if  we  were  at  the 
trouble  to  extend  and  encourage  the  study  of  them. 

Chemical  knowledge,  wliich  originated  in  Germany,  was  at  that 

,  time  more  general  Ju  that  country  than  in  France.  More  applica- 
tion!! of  it  had  been  made.  The  many  petty  sovereigns  who  divided 
that  country  had  paid  particular  attention  to  the  amelioration  of 
their  dominions ;  and  the  chemist,  the  Hgriculturist,  the  friend  of 
useful  arts,  met  equally  with  facts  before  unknown  to  them, 

M.  Parmentier,  stimulated  by  his  virtuous  masters,  took  advan- 
tage of  these  sources  of  instruction  with  ardour.  When  bis  service 
brought  him  to  any  town,  he  visited  the  manufactures  least  known 
in  France ;  he  requested  of  the  apothecaries  leave  to  work  in  their 
laboratories.     In  the  country  he  observed  the  practice  of  the  far- 

I  mers.  He  noted  down  the  interesting  objects  which  struck  him  in 
his  marches  along  with  the  troops.  Nor  did  lie  want  opportunities 
of  seeing  all  varieties  of  things;  for  he  was  five  times  taken  pri- 
soner, and  transported  to  places  whither  his  generals  would  not  have 

.  carried  him.  He  learned  then  by  his  own  experience  how  far  the 
horrors  of  need  might  go,  a  piece  of  iiiFormatton  necessary  perhaps 

I  to  kindle  in  him  in  all  its  vigour  that  glowing  fire  of  humanity 
which  burnt  in  him  during  the  whole  of  his  long  life. 

But  before  making  use  of  the  knowledge  which  he  had  acquired, 

,  snd  attempting  to  ameliorate  the  lot  of  the  common  people,  it  was 
necessary  to  endeavour  to  render  his  own  situation  less  precarious. 

He  returned  then  at  the  peace  of  1763  to  the  capital,  and  re- 
sumed in  a  more  scientific  manner  the  studies  belonging  to  hb  art. 

,  The  lectures  of  Nollet,  Rouelle  and  d'Antoine,  and  of  Bernard  de 
jussieu,  extended  his  ideas,  and  assisted  hitii  in  arranging  them. 
He  obtained  extensive  and  solid  knowledge  in  all  the  physical 
sciences :  and  the  place  of  lower  apothecary  being  vacant  at  the 
Invalides\n  17^6:  he  obtained  it,  after  an  e.'ianiination  obstinately 
disputed. 

His  maintenance  was  thus  secured,  and  his  situation  soon  became 
Sufficiently  comfortable.  The  administration  of  the  house  seeing 
that  his  conduct  justified  his  success,  induced  the  King  in  1 77^  to 
Vnake  him  Apothecary  in  Cliief;  a  recompense  which  an  unforeseen 
accident  rendered  more  complete  than  had  been  intended,  or  than 
he  had  expected. 

'JTie  pharmacy  of  the  Invalrdes  had  been  directed  from  its  first 
establishment  by  the  Sceiirs  de  CImrilf.  These  good  women,  who 
had  made  a  great  deal  of  young  Farmentier  while  he  was  only  their 
boy,  took  it  ill  that  he  should  be  put  upon  a  level  with  them.  They 
toiade  so  much  noise,  and  put  in  motion  such  powerful  interest, 
that  the  King  himself  was  obliged  to  draw  hack ;  and  after  two 
years  of  controversy,  he  made  the  singular  decision  that  Parmsniier 
should  continue  to  enjoy  the  advantages, of  his  place,  but  should  no 
longer  fiilfii  its  functions. 
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This  enabled  him  to  devote  the  whole  of  his  time  to  his  zeal  for 
researches  of  general  utilitj.  From  that  moment  he  never  inter* 
rupted  them. 

The  first  opportunity  of  publishing  some  results  respecting  his 
favourite  subject  had  been  given  him  in  177^  by  the  Academy  of 
Besan^on.  Hie  scarcity  in  1769  had  drawn  the  attention  of  the 
administration  and  of  pliiiosophers  towards  vegetables  which  might 
supply  the  place  of  corn,  and  the  Academy  had  made  the  history  of 
diem  the  subject  of  a  prize,  which  Parmentier  gained.  He  endea- 
voured to  prove  in  his  dissertation  that  the  most  useful  nourishing 
substance  in  vegetables  is  starch,  and  he  showed  how  it  might  be 
extracted  from  the  roots  and  seeds  of  difTerent  indigenous  plants, 
and  how  deprived  of  the  acrid  and  poisonous  principles  which  alter 
it  in  some  plants.  He  pointed  out  likewise  the  mixtures  which 
would  assist  in  converting  this  starch  into  good  bread,  or  at  least 
into  a  kind  of  biscuit  fit  for  being  eaten  in  soup.  * 

There  is  no  doubt  that  in  certain  cases  some  advantage  may  be 
derived  from  the  methods  which  he  proposes ;  but  as  most  of  the 
plants  pointed  out  are  wild,  scanty,  and  would  cost  more  than  the 
cearest  corn,  absolute  famine  is  the  only  thing  that  could  induce 
mankind  to  make  use  of  them.  Parmentier  easily  perceived  that  it 
was  better  to  turn  the  attention  of  cultivators  to  such  plants  as 
would  render  a  famine,  or  even  a  scarcity,  impossible.  He  there- 
fore recommended  the  potatoe  with  all  his  might,  and  opposed  with 
cxHistancy  the  prejudices  which  opposed  themselves  to  the  propaga- 
tion of  this  important  root. 

Most  botanists,  and  Parmentier  himself,  have  stated  on  the  autho- 
rity of  Gaspar  Bauhin  that  the  potatoe  was  brought  from  Virginia 
about  the  end  of  the  sixteenth  century;  and  they  usually  ascribe  to 
the  celebrated  and  unfortunate  Ralegh  the  honour  of  having  first 
biought  it  to  Europe.  I  think  it  more  probable  that  it  was  brought 
iirom  Peru  by  the  Spaniards.  Ralegh  only  went  to  Virginia  in  the 
year  1586  ;  and  we  may  conclude,  from  the  testimony  of  Cluvius, 
that  in  1587  the  potatoe  was  common  in  different  parts  of  Italy, 
aad  'diat  it  was  already  given  to  cattle  in  that  country*  This  sup- 
poses at  least  several  years  of  cultivation*  This  vegetable  was 
painted  out  about  the  end  of  the  sixteenth  century  by  several 
opanish  writers,  as  cultivated  in  the  environs  of  Quito,  where  it 
was  called  papas,  and  where  different  kinds  of  dishes  were  prepared 
from  it :  and,  what  seems  decisive.  Banister  and  Clayton,  who  have 
infesdgated  the  indigenous  plants  of  Virginia  with  great  care^  do 
not  reckon  the  potatoe  among  the  number ;  and  Banister  mentions 
npKsaiy  that  he  had  for  12  years  sought  in  vain  for  that  plant ;  f 


'  *  The  meiBoir  which  gained  the  prize  on  this  question  :  Indigaer  leg  Vegetans 

rd  pbnrroient  supplier  en  Temps  de  Disette  k  ceux  qn^on  employe  coBimiincnicnt 
la  Kmrritvre  des  Hommes.    Paris,  Knapen,  1773,  in  12bio. 
t  MoriMO,  Bist.  PUnt*  £xot.  jii.  6^. 
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while  Dombey  Tound  it  in  a  wild  state  on  all  tlie  Cordillieras,  where 
tlic  Indians  still  apply  it  to  the  same  purposes  as  at  the  time  of  the 
original  discovery. 

The  mistake  may  have  been  owing  to  this  circumstance,  that 
\lrginia  produces  several  other  tuberose  plants,  which  from  imper- 
fect descriptions  may  have  been  confounded  with  the  potatoe. 
Bauhin,  for  example,  took  for  the  potatoe  the  plant  called  openawk 
1)y  Thomas  Harriot.  There  are  likewise  in  Virginia  ordinary  pota- 
toes ;  hut  the  anonymous  author  of  the  history  of  thai  country  says, 
that  they  have  nothing  in  common  with  the  polaioe  of  Ireland  and 
England,  which  is  our  pamme  de  lerre. 

Be  this  as  it  may,  that  admirable  vegetable  was  received  in  a 
very  difierent  raanner  by  the  nations  of  Europe.  The  Irish  seem  to 
liavc  taken  advantage  of  them  first ;  for  at  an  early  period  we  6nd 
the  plant  distinguished  by  the  name  of  Iriih  polaioe.  But  in  France 
they  were  at  first  proscribed.  Bauhin  states  that  in  his  time  the  use 
of  them  had  been  prohibited  in  Burgundy,  because  it  was  sup|>osed 
that  they  produced  the  leprosy. 

It  is  difficult  to  believe  that  a  plant  so  innocent,  so  agreeable,  so 
productive,  which  requires  so  little  trouble  to  be  rendcied  fit  for 
ibod ;  that  a  root  so  well  defended  against  the  intemperance  of  the 
■easons;  that  a  plant  which  by  a  singular  privilege  unites  in  itself 
every  advantage,  without  any  other  inconvenience  than  that  of  not 
lasting  all  the  year,  but  which  even  owes  to  this  circumstance  the 
additional  advantage  that  it  cannot  be  hoarded  up  by  monopolists — ■ 
that  such  a  plant  should  have  required  two  centuries  in  order  to 
overcome  the  most  puerile  prejudices. 

Yet  we  ourselves  have  been  witnesses  of  the  fact.  The  English 
brought  the  potatoe  into  Flanders  during  the  wars  of  Louis  XIV. 
It  was  thence  spread,  but  very  sparingly,  over  some  parts  of  France. 
Switzerland  had  put  a  higher  value  on  it,  and  had  found  it  very 
good.  Several  of  our  southern  provinces  had  planted  it  in  imita*- 
tion  of  that  country  at  the  period  of  the  scarcities,  which  were 
several  times  repeated  during  the  last  years  of  Ixiuis  XV.  Turgot 
in  particular  rendered  it  common  in  the  Limousin  and  the  Angou- 
mois,  over  which  he  was  Intendant ;  and  it  was  to  be  expected  that 
ia  a  short  time  this  new  branch  of  subsistence  would  be  spread  over 
the  kingdom,  when  some  old  physicians  renewed  against  it  the  pre- 
judices of  [he  sixteenth  century. 

^  It  was  no  longer  accused  of  producing  leprosy,  but  fevers.  The 
scarcities  had  produced  in  the  south  certain  epidemics,  which  they 
thought  jiroper  to  ascribe  to  tlie  sole  means  which  existed  to  prevent 
fhem.  The  Comptroller  General  was  obliged  in  1771  ">  request 
the  opinion  of  the  faculty  of  medicine,  in  order  to  put  an  end  to 
these  false  notions. 

Parmentier,  who  had  learned  to  appreciate  the  potatoe  in  the 
prisons  of  Germany,  where  he  had  been  often  confined  to  that 
foodj  seconded  tlte  views  of  the  Minister  by  a  chemical  examination 
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i>f  this  root^*  in  which  be  Remonstrated  that  none  of  its  consti-> 
tuents  are  hurtful  He  did  better  still.  To  give  the  people  a 
relish  for  them,  he  cultivated  them  in  the  open  fields^  in  places  very 
much  frequented*  He  guarded  them  carefully  during  the  day  only; 
and  was  happy  when  he  had  excited  as  much  curiosity  as  to  induce 
people  to  steal  some  of  them  during  the  night.  He  would  have 
wished  that  the  King,  as  we  read  of  the  Emperors  of  China,  had 
•traced  the  first  furrow  of  his  fields  His  Majesty  thought  proper  at 
least  to  wear  a  bunch  of  potatoe  flowers  at  his  button-bole  in  the 
midst  of  the  Court  on  a  festival  day»  Nothing  more  was  wanting 
to  induce  several  great  Lords  to  plant  this  root. 

Parmentier  wished  likewise  to  engage  the  cooks  of  the  great  in 
the  service  of  the  poor,  by  inducing  them  to  practise  their  skill  on 
tbe  potatoe ;  for  he  was  aware  that  the  poor  could  not  obtain  pota- 
toes in  abundance  unless  they  could  furnish  the  rich  with  an  agree- 
able article  of  food.  He  informs  us  that  he  one  day  gave  a  dinner 
composed  entirely  of  potatoes,  with  20  different  sauces,  all  of  which 
gratified  the  palates  of  his  guests. 

But  the  enemies  of  the  potatoe,  though  refuted  in  their  attempts 
to  prove  it  injurious  to  the  health,  did  not  consider  themselves  as 
vanquished.  They  pretended  that  it  injured  the  fields,  and  ren- 
dered them  barren.  It  was  not  at  all  likely  that  a  plant  which  is 
capable  o[  nourishing  a  greater  number  of  cattle,  and  multiplying 
the  manure,  should  injure  the  soil.  It  was  pecessary,  however,  to 
answer  this  objection,  and  to  consider  the  potatoe  in  an  agricultural 
point  of  view.  Parmentier  accordingly  published  in  dififerent  forms 
every  thing  regarding  its  cultivation  and  uses,  even  in  fertilizing  the 
sml.  He  introduced  the  subject  into  philosophical  works,  into 
popular  instructions,  into  journals,  into  dictionaries,  into  works  of 
all  kinds.  During  40  years  he  let  slip  no  opportunity  of  recom- 
mending it.  Every  bad  year  was  a  kind  of  auxiliary,  of  whic|i  he 
profited  with  care  to  draw  the  attention  of  mankind  to  his  favourite 
plant. 

Hence  the  name  of  this  salutary  vegetable  and  his  own  have  be- 
come almost  inseparable  in  the  memory  of  the  friends  of  humanity » 
JBven  the  common  people  united  theni,  end  not  always  with  grati- 
tude. At  a  certain  period  of  the  Revolution  it  was  proposed  to 
give  Parmentier  some  municipal  place.  One  of  the  voters  opposed 
this  proposal  with  fury  :  ^'  He  will  make  us  eat  potatoes/'  said  he, 
^  it  was  he  who  invented  them." 

But  Parmentier  did  not  ask  the  suffrages  of  the  people.  He 
iinew  well  that  it  was  always  a  duty  to  serve  them.  But  he  knew 
equally  that  as  long  as  their  education  remained  what  it  is,  it  was  a 
duty  likewise  not  to  consult  them.  He  had  no  doubt  that  at  length 
the  advantage  of  his  plans  would  be  appreciated.    An4  pne  of  the 

*  Examea  Chimlque  de  Pommes  de  Terre,  &c.  Parii,  Didot,  17t.^(  and  Qwr- 
Mge  £coDoiaiqae  snr  les  Porffmes  de  Terre.  11  Monory,  W\\^    ^k^^^a^  ^^  «^\^t^ 
(IdStlMi,  with  different  titlcM,  '       .        \     ■ 
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fortunate  things  attending  his  old  age  was  to  see  the  almost  com- 
plete success  of  his  persevetance.  "  The  pntatoe  has  now  only 
frieniJs,"  he  wrote  in  one  of  his  last  works,  "  even  in  those  cantons 
from  which  the  spirit  of  system  and  contention  seemed  anxious  to 
banish  it  for  ever. 

But  Parmeniier  was  not  one  of  those  persons  who  occupy  them- 
selves esctusivcly  with  one  idea.  The  advantages  which  he  had 
perceived  in  the  potatoe  did  not  make  him  neglect  those  oEfered  hy 
other  vegetables. 

Maize,  the  plant  which,  next  to  the  potatoe,  gives  the  most  eco- 
nomical food,  is  likewise  a  present  of  the  New  World,  although  in 
jome  places  it  is  still  obstinately  called  Turkey  corn.  It  was  the 
principal  food  of  the  Americans  when  the  Spaniards  visited  their 
coasts.  It  was  brought  to  Europe  much  earlier  than  the  potatoe; 
for  Fuchs  jdescribes  h,  and  gives  a  drawing  of  it,  in  1&13.  It  was 
likewise  spread  more  quickly;  and  by  giving  lo  Italy,  and  our 
southern  provinces,  a  new  and  abundant  article  of  food,  it  has 
greatly  contributed  to  enrich  them,  and  to  increase  their  popu- 

Parmentier,  therefore,  in  order  to  encoumge  its  culture,  had  need 
only  to  explain,  as  he  does  in  a  very  complete  manner,  the  precan- 
tions  which  its  cultivation  requires,  and  the  numerous  uses  (o  which 
it  may  be  applied.  He  wished  lo  exclude  buck  wheat,  which  is  so 
inferior,  from  the  few  cantons  where  it  is  itill  cultivated. 

The  acorn,  which  they  say  nourished  our  ancestors  before  they 
were  acquainted  with  corn,  is  still  very  useful  in  some  of  our  pro- 
vinces, chiefly  about  the  centre  of  the  kingdom.  M.  Daine,  In- 
tendant  of  Limoges,  induced  Parmentier  to  examine  whether  it  was 
not  possible  to  make  from  it  an  eatable  bread,  and  capable  of  being 
kept.  His  experiments  were  unsuccessful ;  but  they  occasioned  a 
complete  treatise  on  the  acorn,  and  on  the  difterent  preparations  of 
its  food. 

Corn  itself  was  an  object  of  long  study  with  him  ;  and  perhaps 
he  has  not  been  of  less  service  in  cxplitining  the  bes^t  methods  of 
grinding  and  baking,  than  in  spreading  the  cultivation  of  potatoes. 
Chemical  analysis  having  informed  him  that  bran  contains  no 
■  nourishment  proper  lor  man,  he  concluded  that  it  was  advantageous 
to  exclude  it  from  bread.  He  deduced  from  this  the  advantages  of 
an  economical  method  of  grinding,  which,  by  subjecting  the  grairi 
repeatedly  to  the  mill  and  the  sieve,  detaches  from  the  bran  even 
the  minutest  patticlcs  of  flour ;  and  he  proved  likewise  that  it  fur- 
nished, at  a  lower  price,  a  white,  agreeable,  and  more  nutritive 
hread.  Ignorance  had  so  misunderstood  the  advantages  of  this 
method,  that  laws  had  long  existed  to  prevent  it,  and  that  the  most 
precious  part  of  the  gi-ain  was  given  to  the  cattle  along  with  the 
bran, 

Parmentier  studied  with  care  every  thing  relating  to  bread ;  and 
tecause  books  would  have  been  of  little  service  lo  millers  and 
takcTf,  pe^le  nho  scarcely  read  any,  he  iadnced  Government  to 
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establish  a  School  of  Baking,  from  which  the  pupils  would  speedily 
carry  into  the  provinces  all  the  good  practices.  He  went  himself  to 
Britanny  and  Languedoc,  with  M.  Cadet-Devaux^  in  order  to  pro- 
pagate his  doctrine^ 

He  caused  the  greatest  part  of  the  bran  which  was  mixed  with 
die  bread  of  the  soldiers  to  be  withdrawn  i  and  by  procuring  them 
.  a  more  healthy  and  agreeable  article  of  food^  he  put  an  end  to  a 
multitude  of  abuses  of  which  this  mixture  was  the  source. 

Skilful  men  have  calculated  that  the  progress  of  knowledge  in 
our  days  relative  to  grinding  and  baking  has  been  such^  tlUit  ab<p 
stracting  from  the  other  vegetables  which  may  be  substituted  for 
.  corn,  the  quantity  of  com  necessary  for  the  food  of  an  individual 
may  be  reduced  more  than  a  third.  As  it  is  chiefly  to  B^rmentier 
that  the  almost  general  adoption  of  these  new  processes  is  owing^ 
this  calculation  establishes  his  services  better  than  a  thousand  pane- 
gyrics. 

Filled  with  a  kind  of  enthusiasm  for  arts  which  he  appreciated 
according  to  their  utility^  Parmentier  would  have  wished  to  have 
regulated  by  that  basis  alone  the  consideration  and  circumstance^  of 
those  who  exercised  them.  He  laments  particularly  the  condition 
of  the  baker,  whose  labours  are  so  severe,  whose  industry  is  sub- 
jected to  regulations  often  vexatious,  and  who  never  fails  to  become 
one  of  the  first  objects  of  the  fury  of  the  people  on  the  least  appear- 
ance of  scarcity.  His  good  heart  made  him  forget  that  this  is  precisely 
one  of  the  conditions  of  the  existence  of  a  great  society,  that  the 
trades  necessary  for  life  should  be  brought  to  such  a  degree  of  sim- 
plicity, that  no  long  time  nor  much  mopey  is  necessary  to  learn 
them,  and  that  of  course  those  who  practise  them  cannot  demand 
great  salaries.  No  nation  could  exist  if  the  labourer  pretended  to 
require  the  same  treatment  as  the  physician,  or  the  baker  as  the 
•astronomer.  Besides,  it  does  not  appear  that  the  proportion  of 
recompence  is  so  much  to  the  disadvantage  of  the  mechanics;  for 
Wje  see  many  more  of  them  make  fortunes  than  of  philosophers  or 
artists. 

Ardent  as  Parmentier  was  for  the  public  utility,  it  was  to  be 
expected  that  he  would  interest  himself  much  in  the  efforts  occa- 
sioned by  the  last  war  to  supply  exotic  luxuries.  It  was  he  that 
.  brought  the  syrup  of  grapes  to  the  greatest  perfection.  This  prepa- 
ration, which  may  be  ridiculed  by  those  who  wish  to  assimilate  it  to 
sugar,  has  notwithstanding  reduced  the  consumption  of  sugar  many 
thousand  quintals,  and  has  produced  immense  savings  in  our  hos- 
pitals, of  which  the  poor  have  reaped  the  advantage,  has  given  a  new 
value  to  our  vines  at  a  time  when  the  war  and  the  taxes  made  them 
be  pulled  up  in  many  places,  and  will  not  remain  less  useful  for 
many  purposes,  even  if  sugar  should  ever  again  fall  in  this  country 
to  its  old  price. 

These  labours,  purely,  agricultural  or  economical,  did  not  induce 
Parmentier  to  neglect  those  more  immediately  connected  with  hia 
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•rig!  n  at  pro  res  5  ion.  He  had  published  in  177-4  a  translation,  with 
notes,  of  Model's  Pliysical  Hecreaiions,  a  work  in  which  the  phar- 
maceutical preparatiotis  occupy  a  greater  spnce  than  the  other  parts 
ef  the  natural  s-ciences  ;  and  in  1 775  he  published  an  edition  of  the 
Hydraulic" C he mUtry  of  Lagaraze,  which  U  scarcely  any  thing  else 
than  a  collection  of  receipts  to  ohiain  the  principles  of  tnedicmql 
■lubstanecE  wiihoul  altering  them  too  much  by  fire.  Probably  he 
would  not  have  remained  a  stranger  to  the  great  progress  which 
chemistry  made  at  this  period,  had  not  the  disputes,  of  which  we 
liave  given  an  account,  deprived  him  of  the  laboratory  of  the  Inva- 
lids. We  may  say  likewise  that  his  chemical  examination  of  milk 
vnd  of  the  blood,  along  with  our  associate  M.  Deyeus,  ccmstilutc 
models  of  the  application  of  chemistry  to  organized  bodies  and  their 
Aodi  Scat  ions. 

In  the  first  of  these  n^orks  the  authors  compare  with  woman's 
milk  that  of  the  domestic  animals  which  we  chiefly  employ ;  and  in 
the  second  they  exumine  the  alterations  produced  in  the  blood  by 
inflammatory,  putrid,  and  scorbutic  diseases — alterations  often 
gCarCely  sensible,  and  fsr  from  explaining  the  disorders  which  they 
occasion,  or  at  least  which  they  accompany. 

We  have  seen  above  how  Parmentier,  being  by  pretty  singular 
accidents  deprived  of  the  active  su  peri  n  ten  da  nee  of  the  Invalids, 
had  been  stopped  in  the  natural  line  of  his  advancement.  He  had 
too  much  merit  to  allow  this  injustice  to  continue  long.  Govern- 
ment employed  him  in  different  circumstances  as  a  military  apothe- 
cary} and  when  in  1788  a  consulting  council  of  physicians  and 
SHrgvons  was  organized  for  the  army,  the  Minister  wished  to  place 
him  there  as  apothecary ;  but  Bayen  was  then  alive,  and  Parmentier 
was  the  first  to  represent  that  he  could  not  take  his  seat  above  his 
master.  He  was  therefore  named  assistant  to  Bayen.  This  insti- 
tution, like  many  others,  was  suppressed  during  the  period  of  revo- 
lutionary anarchy,  an  epoch  during  which  even  medical  subordina- 
tion  was  rejected.  But  necessity  obliged  them  soon  to  re-establish 
it  under  the  names  of  Commission  ai)d  Council  of  H-^allk  for  ifw 
Armies ;  and  Parmentier,  whom  the  rei^  of  terror  had  for  a  time 
driven  from  Paris,  wns  speedily  placed  in  it, 

'  He  showed  in  (his  situation  the  same  zeal  as  in  all  others ;  and 
The  hospitals  of  the  army  were  prodigiously  indebted  to  hla  care. 
He  neglected  nothing — instructions,  repeated  orders  to  his  inferiors, 
pressing  solicitations  to  men  in  authority.  We  have  seen  him  within 
these  few  years  deploring  the  absolute  neglect  in  which  a  Govern- 
ment, occupied  in  conquering,  and  not  in  preserving,  left  the 
H^lums  of  tbe  victims  of  war. 

We  ought  to  bear  the  most  striking  testimony  of  the  cares  which 
he  took  of  the  young  persons  employed  under  his  orders,  the  friendly 
manner  in  which  he  received  them,  encouraged  them,  and  rewarded 
them.  His  protection  extended  to  them  at  what  distance  soever 
they  were  cftrried ;  and  we  know  more  than  one  who  was  iadebffi^ 


for  bis  life  in  far  distant  climates  to  the  provident  recommendations 
of  this  paternal  chief. 

But  his  activity  vtras  not  restricted,  to  the  duties  of  his  place  ; 
every  thing  which  could  be  useful  occupied  his  attention. 

When  tihe  steam-engines  were  established)  he  satis^ed  the  public 
of  the  salubrity  of  the  waters  of  the  Seine.    More  lately  he  occu- 

fied  himself  with  ardour  in  the  establishment  of  economical  soups. 
le  contributed  materially  to  the  propagation  of  vaccination.  It 
was  he  chiefly  who  introduced  into  the  central  pharmacy  of  the 
hospitals  at  Paris  the  excellent  order  which  reigns  there ;  and'  he 
drew  up  the  pharmaceutic  code  according  to  which  they  are  di^ 
rected.  He  watched  over  the  great  baking  establishment  at  Scipion, 
where  all  the  bread  of  the  hospitals  is  ma^e.  The  Hospice  des 
Menages  was  under  his  particular  care ;  and  he  bestowed  the  most 
minute  attention  on  all  that  could  alleviate  the  lot  of  800  old  peiw 
aoDs  of  both  sexes^  of  which  it  is  composed. 

At  a  period  when  people  might  labour  much,  and  perform  great 
services,  without  receiving  any  recompense,  wherever  men  qnited 
to  do  good,  he  appeared  foremost;  and  you  might  depend  upon 
being  able  to  dispose  of  his  time^  of  his  pen,  and,  if  occasioa 
served,  of  his  fortune. 

This  continual  habit  of  occupying  himself  for  the  good  of  man^- 
]und,  had  even  affected  his  external  air.  Benevolence  seemed  to 
iqppear  in  him  personified.  His  person  was  tall;  and  remained 
erect  to  the  end  of  his  life;  his  figure  was  full  of  amenity;  his 
visage  was  at  once  noble  and  gentle ;  his  hair  was  white  as  the 
snow— all  these  seemed  to  render  this  respectable  old  man  the 
image  of  goodness  and  of  virtue.  His  physiology  was  pleasing^ 
pnrticuliarly  from  that  appearance  of  happiness  produced  by  the 
good  which  he  did,  and  which  was  so  much  the  more  entitled  to  be 
bq>py  that  a  man  who  without  high  birth,  without  fortune,  without 
great  places,  without  any  remarkable  genius,  but  by  the  sole  per- 
severance of  the  love  of  goodness,  has  perhaps  contributed  as  much 
to  the  happiness  of  his  race  as  any  of  those  upon  whom  Nature  and 
Fortune  have  accumulated  all  the  means  of  serving  them. 

Parmentier  was  never  married.  Madame  Houzeau,  his  sister, 
Kved  always  with  him,  and  seconded  him  in  his  benevolent  labours 
with  the  tenderest  friendship.  She  died  at  the  time  when  her 
affectionate  care  would  have  been  most  necessary  to  her  brother, 
who  had  for  some  years  been  threatened  with  a  chronical  afiection 
tn  his  breast.  Regret  for  this  loss  aggravated  the  disease  of  this 
excellent  man,  and  rendered  his  last  days  very  painful,  but  without 
altering  his  character,  or  interrupting  his  labours.  He  died  on  the 
17th  Pecember,  1813,  in  the  77^ti  year  of  his  age. 
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On  the  Origin  of  the  Carbureted  Hydrogen  Gas  of  Coal-Mines. 
By  Mr.  John  B.  Longmire. 

(To  Dr.  Thomson  ) 

The  carbureted  hydrogen  gas  of  coal-mines  having  lately  at- 
tracted the  attention  of  philosopheis,  as  well  on  account  of  the 
ravages  it  commits,  when  ignited,  on  the  mines  and  miners,  as  on 
its  mode  of  formation,  1  have  drawn  out  the  follon'ing  essay  from 
a  manuscript  copy  of  ohservations  made  on  this  gas  in  diiferent  parts 
of  England,  Wales,  and  Scotland ;  and  if  you  think  it  so  interesting 
as  to  ensure  its  insertion  in  your  Annals  of  Philosophij,  it  is  very 
much  at  your  service. 

I  am.  Sir,  your  very  humble  servant, 
J^nc  SO,  1S15,  John  B.  Lonquirb. 

Many  opinions  have  been  entertained  respecting  the  origin  of  the 
iDflammable  air  of  coal-mines.  Some  writers  attribute  its  existence 
in  these  mines  to  the  agency  of  iron  pyrites  :  the  pyrites,  they  say, 
decomposes  the  water,  unites  with  its  oxygen,  and  becomes  sulphate 
of  iron  or  green  vitriol,  while  its  hydrogen  is  set  at  liberty  in  a 
gaseous  stale.  Other  persons  assert  thai  the  coal  is  undergoing  a 
slow  decomposition,  and  that  the  inflammable  air  and  carbonic  acid 
gas  are  given  out  by  it  in  consequence.  And  other  persons  maintain 
the  opinion  that  it  exhales  from  tlie  putrefying  animal  and  vegetable 
natter  in  the  stagnant  water  of  coal-mines.  But  before  we  con- 
clude as  to  its  origin,  let  us  carefully  examine  lis  mode  of  entry  into 
the  mine. 

The  carbureted  hydrogen  gas  proceeds  from  the  body  of  the  coal, 
and  generally  entefs  the  mine  from  the  pores,  sometimes  from  the 
seams  of  distinct  concretions,  and  occasionally  from  small  rents  of 
the  coal.  A  miner  extends  a  common  working  at  the  rate  of  two 
or  three  yards  every  week  ;  and  if  he  is  cutting  through  the  gas- 
yiclding  parts  of  the  coal,  they  generally  discharge  all  their  gas,  or 
as  the  miner  calls  it,  "  bleed  off,"  as  fast  as  he  advances ;  so  that 
the  greatest  quantity  of  the  gas  always  enters  a  working  near  its 
forehead.  But,  although  the  gas  is  exhausted  in  the  most  of  these 
workings  as  fast  as  they  are  driven,  there  are  many  places  where  the 
coal  continues  to  yield  gas  for  several  weeks,  or  months,  after  work- 
ings are  driven  past  them.  This  gas,  besides  entering  the  mine 
from  tlie  coal,  somelimes  proceeds  from  small  rents  in  the  incum- 
bent strata.  In  many  of  the  coal  formations  these  rents  are  small, 
not  numerous,  and  generally  only  simply  filled  with  gas ;  but  in 
some  they  arc  large,  numerous,  and  tilled  with  gas,  which  appears 
to  have  been  forced  Jnto  them  by  a  compressing  power ;  for  on 
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meeting  with  them,  it  issues  into  the  mine  with  a  considerable 
velocity.  These  gas-yielding  rents  are  frequently  met  with  in  the 
coal-mines  round  Newcastle-on-the-fTy-pe ;  and  the  gas  is  often 
discharged  into  these  mines  in  such  streams,  as  to  be  compared,  in 
fcrce  and  quantity,  with  the  air  from  powerful  blast  furnaces ;  but 
the  quantity  of  gas  discharged,  however  great  at  first,  continually 
decreases  till  the  rents  cease  to  yield  it. 

The  gas-yielding  parts  of  the  coal  differ  considerably  in  dimen- 
sions ;  they  are  situated  at  variable  distances  from  one  another }  and 
the  quantity  of  gas  varies  very  much  in  different  parts,  as  well  as  in 
difierent  situations  in  any  one  part.  Sometimes  the  gas-yielding' 
parti  have  the  characteristic  appearance  of  the  common  coal,  but 
occasionally  they  are  softer,  in  small  pieces,  or  dusty;  in  some 
ports  iron  pyrites  is  abundant;  in  others  it  is  not  found;  water 
sometimes  enters  the  mine  along  with  the  gas,  but  often  the  gas 
comes  off  alone ;  but  the  coal  has  its  characteristic  appearance,  or 
is  soft,  in  small  pieces,  or  dusty,  in  many  parts  which  give  out 
water,  but  not  gas ;  so  that  the  parts  which  produce  this  gas,  appa^ 
rently^  are  not  essentially  different  to  those  which  do  not  pro«> 
duce  it. 

When  the  carbureted  hydrogen  gas  leaves  the  coal  alone,  it 
comes  off  silently ;  but  when  accompanied  with  water,  it  always 
makes  a  noise.  When  it  enters  the  mine,  along  with  water,  from 
many  pores,  in  small  quantities^  and  at  intervals,  various  sounds 
are  produced,  which  have  some  resemblance  to  those  expertly  made 
on  the  musical  glasses,  but  which  are  not  so  loud,  though  more 
a^eable.  If  the  gas  escape  much  quicker,  the  sounds  are  consi* 
derably  lower,  but  no^  so  various  as  in  the  first  instance:  this  is  a 
simmering  noise,  and  would  be  well  imitated  by  the  noise  from  the 
pipes  of  a  few  tea-kettles  when  boiling  gently.  But  if  the  gas 
escape  more  copiously  than  in  the  last  instance,  it  makes  a  hissing 
noise,  not  unlike,  but  not  so  loud,  as  that  made  by  the  steam 
escaping  quickly  from  the  safety  valve  of  a  steam-engine. 
^  If  the  gas  is  set  on  fire  as  it  enters  a  working,  when  the  atmos* 
pheric  current  is  traversing  the  mine,  its  inflammation  is  carried  on^ 
close  to  the  side$  of  the  coal  wall,  under  different  circumstances. 
Where  the  gas  enters  the  mine  sparingly,  but  from  many  pores  and 
seams,  to  set  it  on  fire,  the  candle  must  be  moved  in  every  direction 
along  the  sides  or  forehead  of  a  working ;  then  it  will  inflame  the 
gas  issuing  from  one  pore,  after  it  has  done  so  with  that  from 
anotber  as  it  moves  forwards ;  and  each  inflammation  will  resemble 
in  sound  and  appearance  that  which  is  produced  by  the  firing  of  two 
or  three  grains  of  gunpowder.  When  it  enters  more  abundantly 
after  the  gas  from  one  pore  is  fired,  the  burning  gas  fires  the  gas 
from  many  other  pores,  during  which  the  flame  flies  from  the  mrst 
pore  in  a  very  varying  direction,  and  in  a  very  fantastic  and  enter- 
taining manner ;  for  sometimes  it  runs  horizontally  for  a  small  dis- 
tance, then  bends  obliquely  in  different  directions,  then  perhaps 
horizontally,  aKd  then  obliquely  again,  till  it  ceases.    DuTOi%^^:»k^ 
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motions  the  flame  of  tbe  gas  issuing  into  the  mine  Irom  the  first 
pure  touched  the  gas  from  an  adjoining  pore,  aod  set  it  on  fire, 
whicii  did  so  with  the  gas  from  a  third  pore,  and  thus  the  motion 
9f  tlie  fiame  continued  ;  but  as  the  gas  issues  from  every  pore  at 
intervals,  the  portion  set  od  tire  at  the  first  pore  was  consumed 
before  another  issued  from  it,  but  not  before  it  inflamed  the  portion 
of  gas  then  escaping  from  the  second  jKire,  whlcli,  thougb  con- 
sumed before  uiiother  portion  left  that  pore,  communicated  with 
the  gas  of  a  third  pore,  and  so  on.  In  this  manner  the  flame's 
flitting  motion  was  produced.  When  the  gas  escapes  from  the 
pores  of  the  coal  in  constant  streams,  or  at  least  in  a  succession  of 
portions  at  very  small  intervals,  the  flarae  b  stationary  at  every 
pore. 

With  the  help  of  these  remarlts,  we  may  make  the  following 
conclusions  as  to  the  origin  of  the  carbureted  hydrogen  gas  of  coal- 
mines. It  is  a  part  of  the  matter  of  the  coaly  strata ;  but  tiow  it  is 
separated  we  cannot  exactly  determine.  It  may  be  set  at  liberty  by 
the  action  of  the  component  parts  of  the  coal  on  one  another ;  but 
not  in  the  way  of  decomposition  by  fermentation.  Or  it  may  con- 
sist of  an  original  redundancy  of  volatile  matter  which  has  been 
Icept  in  by  pressure,  but  which,  as  soon  as  hollows  are  made  into 
the  coal,  is  suSered  to  escape.  The  gas,  by  either  mode  of  forma- 
tion, may  very  well  exist  in  the  rents  above  the  coal :  for  as  these 
rents  were  forming,  room  was  made  for  the  gas  to  lodge  in ;  and, 
to  account  for  its  degree  of  compression,  we  know  that  it  afterwards 
escapes  from  the  coal  with  a  great  force,  and,  if  suffered  to  £11 
hollows  like  these  rents,  would  leave  them  with  a  similar  velocity^. 


Article  III. 
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On  the  Connexion  lelween  the  Vascular  and  Exlra  Vascular  Parti 
of  Animals.    By  Anthony  Carlisle,  Esq.  F.R.S. 

(To  Dr.  Thomson.) 

filK,  S<iio  sjunrr,  Jul,/  3,  18J5. 

The  following  memoir  having  been  partially  made  known  to  the 
public,  1  beg  you  to  lay  it  before  your  scientific  readers,  as  a  means 
«f  preventing  misrepresentation  or  piracy. 

Sir,  your  obedient  servant, 

AnTHONV    CAaLISLB. 

General  or  comparative  anatomy,  the  great  branch  of  natural 
knowledge  on  which  the  rationale  of  the  medical  art  is  founded,  lias 
lately  risen  in  esteem,  and  is  every  day  more  accurately  and  more 
extensively  cultivated.  Considering  how  intimately  the  discovery  of 
new  facts,  their  relation  to  each  other,  and  the  physiological  in* 


|815',3     yascularitnd  Extra  Vascular  Parts  cf  Animals.       lyS 

*  ferences  to  be  drawn  from  them,  are  connected  with  the  ptevioos 
establishment  of  definite  views^  of  clear  intelligible  terms^  and  of 
strict  physical  methods ;  and  feeling  the  importance  of  the  present 
SQ^ecty  I  hasten  to  submit  this  memoir  to  competent  judges. 
•  1  am  aware  that  premature  generalizations  of  facts,  as  well  as 
premature  inductions  from  them,  are  seldom  useful ;  and  I  should 
not  have  troubled  the  scientific  inquirer  with  this  communication, 
had  I  not  felt  assured  that  the  present  state  both  of  anatomy  and 
physiology  would  authorise  it.  In  my  statements  I  shall  purposely 
avoid  all  metaphysical  pretension  to  dive  into  the  hidden  mystery  <^ 
vitality,  confessing  myself  wholly  incompetent  to  reduce  that  power 
within  tlie  rules  of  physical  science  :  a  power  which  appears  to  my 
judgment  as  allied  to  the  nature  of  an  inscrutable  First  Cause,  or 
98  an  emanation  from  it. 

The  vast  variety  in  the  substances,  texture,  bulk,  and  combina- 
tions, which  the  living  animal  and  vegetable  kingdoms  ezhibity 
renders  it  difficult  to  define  the  essential  residence  of  life  as  con-* 
nected  with  any  of  the  modes  of  organic  structure.  Some  of  the 
compounds  and  textures  of  animals  are  known  to  be  mpre  importaot 
(or  the  maintenance  of  life  than  others,  as  the  cerebral  substance 
and  the  muscular  textures ;  but  there  is  a  numerous  tribe  of  living 
bodies  that  appear  to  be  wholly  destitute  of  those  peculiar  parts,  of 
which  the  entire  vegetable  kingdom  may  be  adduced  as  an  instance. 
Habits  of  meditation  and  research  have  led  me  to  conclude  that 
•DDie  benefit  may  arise  to  physiology  from  more  accurate  discrimi- 
nations between  the  several  substances  of  living  bodies  ^  especially 
as  to  the  relative  dominion  of  vitality,  or  of  physical  causes  on  those 
substances  respectively. 

The  active  phenomena  of  life  appear  to  be  generally  distinct 
from  those  of  physical  causation  ;  but  the  passive  condition  of  living 
substances  is  not  so  obvious.  The  suspended  actions  of  torpid  ani- 
mals and  vegetables,  and  the  latent  vitality  of  many  of  the  more 
simply  constructed  animals  and  vegetables  during  the  absence  of 
heat  and  moisture,  show  the  intimate  connections  which  subsist 
between  vitality  and  physical  causes.  Difficult  and  intricate  as  th6 
investigation  may  seem  when  extended  to  all  the  cases  of  vital  phe- 
nomena, they  are  not  so  in  the  grosser  examples  to  be  now  adduced; 
and  if  it  should  be  found  that  many  substances  distinctly  continuous 
with  vital  organic  bodies  are  wholly  subjected  to  physical  dominion, 
tnd  that  several  other  substances  are  in  part  influenced  by  the  one 
eause  and  by  the  other,  it  may  perhaps  open  new  and  more  pi:ecise 
views  in  the  medical  art.  Those  pans  of  living  organic  bodies  which 
have  no  power  of  self  repair,  which  hold  no  continuity  with  the 
fluid  circulating  material  destined  to  replenish  the  waste,  to  augment 
Ae  bulk,  or  repair  the  accidents  of  the  living  fabric,  may  be  justly 
deemed  extra  vital.  The  exuvial  coverings  and  defences  of  animals 
tre  of  this  kind,  viz.  hairs,  nails,  feathers,  and  all  other  cuticular 
itructures,  as  well  as  the  epidermoid  coverings  or  husks  of  the 
vegetable  kingdoflo.  Some  of  those  ^uti^tauoeE  ^Vadi  ^x^  ^ii^CvxMfcA. 
1 


17(5  On  the  Connexion  hetiuem  the 

to  be  worn  away  fetaln  a  partial  conlinuity  with  the  organic  system 
of  circulating  fluids,  as  the  organic  bulbs  of  iiair,  the  roots  and 
lamellffi  of  nails  and  hoofs ;  whilst  the  other  parts,  which  are  des- 
tined to  be  shed,  as  feathers  and  cuticular  scales,  are  wholly  de- 
tached  from  the  vascular  communion  after  their  complete  forma- 
tion, and  only  adhere  mechanically  to  the  living  parts  for  a  time. 

The  most  apposite  illustrations,  and  the  most  positive  instances, 
of  union  between  vital  and  extra  vital  parts  are  to  be  found  in  the 
testaceous  tribe  of  animals.  After  a  long  continued  and  careful  ia- 
vestigation,  \  am  fully  convinced  that  tlie  shells  of  all  the  vermes  of 
Linnieus  are  extra  vascular  from  their  commencement,  and  remain 
SB  during  their  whole  connexion  with  the  living  creature.  The  first 
production  and  the  growth  of  those  shells  always  depends  upon  a 
deposit  of  the  material  thrown  out  from  the  surface  of  the  body 
of  the  living  animal.  The  figure  and  colours  of  the  several  parts 
of  those  shells  in  every  species  depend  upon  the  shape  and  the 
colouring  glands  of  the  modelling  organs :  fractures  are  repaired  by 
spreading  a  cretaceous  fluid  over  the  inner  edges,  and  never  by  any 
exudation  from  the  fractured  parts,  since  they  always  retain  the 
angular  broken  surfaces  after  such  repairs.  Extraneous  bodies  are 
equally  coated  with  shell,  whether  they  are  in  contact  with  the 
parent  shell  or  not.  The  first  may  he  seen  in  the  frequent  envelope- 
meat  of  Neides  in  the  common  oyster ;  and  the  latter  has  been  oftea 
ascertained  by  esperiments  made  for  the  purpose  of  creating  artifi- 
cial pearls,  and  which  might,  if  skilfully  practised,  yet  prove  very 
successful.  The  borings  of  parasitical  vermes  into  shells  are  never 
filled  up,  or  the  bored  surfaces  altered,  unless  such  borings  pene- 
trate into  the  carity  where  the  living  animal  dwells,  and  then  the 
apertures  are  invariably  plugged  up,  or  smeared  over  with  pearly 
matter.  The  water-worn  outer  surfaces  of  old  shells,  and  other  ex- 
ternal abrasions,  are  never  repaired,  which  is  to  be  seen  in  old 
living  oysters  exposed  to  the  moving  friction  of  currents  or  strong 
tides ;  in  the  worn-off  spines  of  the  pkolas  dactylis  ;  and  in  the 
convex  points  of  the  two  valves  of  old  mytili,  especially  the  mytilis 
anativus.  I  have  sought  in  the  most  extensive  collections  of  the 
metropolis  for  examples  of  fractures,  and  other  injuries,  which  have 
occurred  to  the  shells  of  living  vermes,  and  1  have  collected  many 
remarkable  specimens.  They  all  demonstrate  the  same  results, 
without  any  exception.  I  have  made  numerous  experiments  upon 
the  garden  snail  [helix  vemoralis),  by  fracturing  and  breaking  away 
the  shell  in  various  parts ;  and  have  always  found  the  repairs  to  b^ 
elTeeted  from  within  by  first  smearing  over  an  epidermoid  varnish, 
and  then  by  plastering  the  Inner  surface  of  that  film  with  successive 
calcareous  laminee.  1  have  in  vain  attempted  to  inject  the  shells  of 
.  recent  vermes  from  the  vascular  parts  of  their  bodies,  and  am  fully 
aatisfied  that  none  of  their  albuminous  or  gelatinous  testaceous  mein» 
branes  were  ever  at  any  time  permeable  to  vessels ;  Indeed  they  do 
not  possess  any  of  the  reticular  texture  or  arborescent  pores  which 
aie  comnipo  to  all  vascular  partu ;  but,  microscopically  exu  '     ' 
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tbey  resemble  the  exuvial  or  epidermoid  membranes.  To  these 
ftcts  may  be  added  the  notorious  circumstance  of  the  unchangeable-*  ' 
ness  of  the  outer  surfaces  of  testaceous  shells  during  their  growth^ 
and  the  continual  renewal  of  their  other  sur&ces^  whi^h  admit  of 
contact  with  the  living  inhabitant :  next  the  stains  and  coloured 
transudations  which  they  often  derive  from  metallic  salts  and  other 
colouring  materials  placed  in  their  vicinity :  and,  lastly,  that  such 
occurrences  do  not  affect  the  living  animal.  The  mechanical  con- 
nexion or  contact  that  subsists  between  the  living  animals  which 
occupy  the  testaceous  shells,  and  their  extraneous  dwellings  are  in 
many  instances  very  slender.  The  common  oyster  possesses  its  first 
pair  of  valves,  consisting  of  single  laminse,  before  it  quits  the 
parental  organs.  A  muscle  passes  between  the  centres  of  the  cavity 
of  each  shell  adhering  to  each,  and  it  acts  upon  the  valves  nearly  at 
right  angles.  The  animal  has  no  other  continuity  with  the  shells. 
At  the  hinge  an  elastic  substance  is  wedged  in,  the  spring  of  which 
is  excited  by  compression,  but  it  does  not  possess  the  property  of 
extension  beyond  its  passive  state ;  when  dried,  this  substance  cracks 
into  cubes.  As  the  animal  grows,  it  augments  the  margin  of  its 
shells,  and  thickens  them  by  adding  new  laminae  on  their  insides. 
The  muscular  adhesion  glides  forward,  still  keeping  to  the  centre  of 
the  valves.  The  elastic  substance  at  the  hinge  is  augmented  along 
ha  inner  surface  only,  and  must  have  been  always  deposited  during 
the  expanded  state  of  the  valves,  since  the  limit  of  its  elastic  con^ 
dition  is  exactly  adapted  to  that  state.  As  the  laminae  of  the  shells 
increase,  there  is  a  gap  at  the  outside  of  the  hinge  filled  with  soft, 
crumbling,  and  decomposing  worn-out  elastic  ligament.  Thb  gap 
presents  two  inclined  planes  which  meet  in  an  acute  angle,  and  that 
space  is  kept  free  from  pebbles  and  hard  extraneous  bodies  by  the 
presence  of  the  decomposing  ligament,  as  such  an  accident  would 
prove  fatal  by  preventing  the  opening  of  the  valves.  The  growth 
of  all  the  testaceous  shells  affords  remarkable  proofs  of  their  extra 
vascular  formation.  The  muscular  adhesions  are  generally  the  only 
parts  of  continuity  between  the  animal  and  its  shells,  and  these  are 
constantly  changing  with  the  augmentations  of  bulk.  In  all  the 
;conoid  univalves  which  revolve  upon  spiral  axes  the  successive  parts 
of  the  shell  are  merely  spread  upon  the  older  parts  without  any  in* 
termixture  of  their  substances,  and  epidermis  or  extraneous  bodies 
are  alike  involved  in  the  successive  folds.  In  other  classes  of  animals 
similar  phenomena  occur.  The  calcareous  shells  of  birds'  eggs  are 
jnerely  deposited  upon  the  membrana  putaminis,  and  the  inner  por- 
tions are  regular  crystallized  prisms,  the  long  diameters  of  which 
point  to  the  centre  of  the  egg.  These  shells  are  wholly  extra  vas- 
'cular,  and  their  albun^inous  membranes  are  alike  cuticular,  whilst 
'.the  inner  true  membrana  putaminis  is  made  reticular,  and  capable 
M)f  vascular  organization.  The  order  of  deposit  in  these  examples 
h  like  that  of  enamel  in  teeth,  which  appears  to  be  precipitated 
•  upon  the  bone  of  the  teeth  under  the  guidance  of  a. membranous 
.^»e  ot  mould.  From  a  disordered  fowl  I  ha:ve  i»etxk  csja  tft^>icM^ 
Vol,  VI.  JV^  1/1.  M 
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the  calcareous  crusts  of  which  were  inflated  with  bubbles,  so  as.  to^ 
form  a  caDcellated  shell,  in  ^exture  like  pumice-stone.  The  most 
durable  substances  of  aiiimal  bodies,  such  as  the  bones  and  teeth^; 
are  only  partly  vascular,  since  their  calcareous  materials  are  fixed, 
by  chemical  precipitants,  and  remain  under  chemical  lawsw  in«^ 
juries  done  to  the  horns  of  cattle,  to  the  hoo&  of  aninials,  and  ta 
human  nails,  are  never  restored ;  these  parts  do  not  possess  the, 
power  of  self  repair ;  and  it  is  only  by  the  mechanical  wearing  away- 
that  such  injuries  are  obliterated.  Indeed  the  beneficent  construe-^ 
tion  of  animal  nature  is  sufficiently  manifested  in  the  insensibility, 
of  all  the  exuvial  coverings,  and  in  the  organic  composition  of 
many  parts  which  are  exposed  to  mechanical  attrition,  as  the  enamel 
of  teeth,  the  horny  beaks  of  birds,  and  the  cuticular  or  homy 
coverings  of  feet.  The  same  beneficence  appears  to  be  extended  to 
many  parts  of  the  internal  organic  substances,  by  which  painful 
sensations  are  obviated,  whilst  the  substances  themselves  being  less 
directly  under  the  dominion  of  the  vital  superintendency  become 
more  permanent  y  such  parts  are  the  tendons,,  ligaments^  cartilages, 
cellular  tissue,  the  gelatine  and  lime  of  bones  ^  even  water  is  an 
essential  constituent  of  the  animal  fluids,  and  affords  the  necessary, 
softness  and  flexibility  to  solids^  But  this  subject,  and  its  connexion 
with  the  vegetable  composition  and  texture,  extends  far  beyond  the 
limits  of  a  memoir ;  and  I  must  therefore  suspend  my  observations^ 

(To  he  continuid,) 

•    '" 
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Further  Olservations  on  Fluxions.  By  Alexander  Christison,  Esq-t^ 
F.R.S.E.  Professor  of  Humanity  in  the  University  of  Edin-' 
burgh. 

(To  Dr.  Thomson.) 

MY  DEAR  SIR,  Edinhurgh,  July  19,  1815. 

An  experienced  mathematician  will  find  no  difficulty  in  the 
reasoning.  Annals  of  Philosophy ,  vol.  v.  pp,  330  and  331;  a 
learner,  however,  will  understand  that  reasoning  better  if  he  sup- 
pose the  accent,  which  is  put  after  the  y  at  the  top,  to  be  put  not 
at  the  top,  l)ut  half  way  down  the  side  of  the  ?y  in  p.  330,  line  40  j 
and  likewise  wherever  that  letter  so  occurs  afterwards  with  one  or 
two  accents,  unless  there  be  two  letters  in  the  numerator  >  and  if 
be  read  i  for  i  after  the  mark  of  equality  in  the  last  line  but  one 
of  p.  330,  and  in  the  second  line  of  p.  33 1  •  . 

You  may  insert  the  following  observations. 
.    It  is  evident  from  fig.  2,  p.  328,  that  the  ratio  of  the  increraentsr 
is  never  the  ratio  of  the  fluxions;  for  at  F  H,  5  minus  one  centil- 
lioutli  to  I  is  too  small;  and  5  plus  one  centiilionth  to  1  is  toa 
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great.  Newton's  expression j  therefore,  **  The  ukiroate  ratio  of 
the  iDcrements  is  the  ratio  of  the  fluxions/'  is  incorrect^  and  seeavn 
to  have  ixiisled  the  Bishop  of  Cloyne.  If  a  man  is  not  a  soldier,  he 
nay  be  the  last  of  the  men  in  a  train,  but,  in  that  train,  he  cahnot 
be  the  last  of  the  soldiers.  Newton,  therefore,  must  be  understood 
liationally,  not  literally;  the  literal  interpretation,  indeed,' is  im^^ 
possible.  In  Milton  too,  the  literal  interpretation  of  ^^  The  fairest- 
of  her  daughters.  Eve,"  is  also  impossible.  Such  incorrectness  o£ 
expression  is  frequently  found  in  Robins.  I  do  not  remember  that 
Maclaurin  has  corrected  it  till  article  505,  in  the  second  volume  of 
Fluxions.  Maseres  has  rectified  it  more  directly  in  p.  21  of  tha 
preface  to  the  fifth  volume  of  the  Logarithmic  Writers.  Euler  has 
fiillen  into  the  same  mistake  in  his  Definition  of  the  Differential 
Calculus,  in  p.  8  of  the  preface. 

I  am  inclined  to  think  that,  in  p.  4(S8,  Harvey's  idea  of  deve«< 
loping  generated  quantities  is  better  than  mine  of  generating  them^ 
k  was  to  avoid  the  idea  of  motion  that,  in. the  demonstration,  which 
I  think  is  new,  I  employed  bisection  like  the  ancients.  I  might 
have  avoided  the  idea  of  motion  in  the  solution  too;  for  I  might 
have  splved  as  Lacroix  does  in  the  beginning  of  his  Calcul  in  8vo^ 
As  the  fluxional  calculus  was  derived  from  the  celebrated  problemi 
of  the  tangents,  I  think  that  the  easiest  and  shortest  demohstraitioa 
is  to  be  obtained  from  the  same  source.  I  consider  such  a  demon- 
stration as  an  extension  of  Descartes'  application  of  algebra  io 
geometry.  I  think  that  no  rigorous  demonstration  of  the  fluxional 
problem  purely  algebraical  can  be  so  short  as  that  in  pp.  330  and 
S31 ;  it  occupies  no  more  than  twelve  entire  lines,  as  it  properly 
begins  at  line  33,  p.  330,  and  ends  at  line  8,  p.  331 ;  for,  in  order 
to  prove  that  the  limits  of  a  variable  quantity  are  equals  I  might 
have  referred  to  Robins,  vol.  ii.  p.  56,  art.  120;  or  to  Lacroix 
Calcul,  vol.  i.  p.  16.  D'Alembert  observes,  that  all  the  differential 
calculus  may  be  referred  to  the  problem  of  the  tangents. 
.  Without  the  aid  of  a  diagram,  the  application  to  tangents^ 
quadratures,  cubatures,  rectifications,  and  complanations,  is  much 
more  difficult  and  tedious  to  a  learner.  This  is  evident  from  La^** 
grange. 

•  Motion  conceived  may  be  rigorously  mathematical ;  not  so^ 
motion  executed.  Now  in  fluxions  it  is  motion  conceived  only  that 
comes  under  consideration. 

With  regard  to  Newton's  second  lemma,  as  a  square  is  simpler 
than  an  oblong,  if  we  subtract  the  square  of  A  —  a  from  that  of 
A  -f-  c,  there  will  remain  4  A  g,  of  which  the  half  is  2  A  a ;  and 
dien  as  the  momentum  is  evidently  greater  than  the  decrement,  and 
smaller  than  theincrement,  when  the  rate  of  change  thus  varies^ 
we  may  prove  by  reduction  to  absurdity  that  the  momentum  of 
^  A  can  be  neither  more  nor  less  than  2  A  a ;  for  it  may  be  de- 
monstrated to  differ  less  from  2  A  a  +  a  a>  the  increment,  than  by 

2  A  fl 
any  assigned  quantity  how  small  soever :   and^  ia    '      "^  if  tht 
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momentuiB  a  be  multiplied  by  r,  an  indeterminate  quantity,  and  If 
X  be  substituted  for  A,  we  shall  have  - — : —  =  — :— .  We  next, 
by  MaclDurio's  process,  Fluxions,  art.  70B,  get  the  fluxion  of  an 
oblong,  thence  that  of  a  cube,  &c.  Thus  Newton's  demoostration 
seems  superior  in  brevity,  and  equal  in  rigour,  to  that  of  any  of  bis 
contemporaries  and  successors  at  home  or  abroad;  for  it  has  evi- 
dently DO  dependaoce  whatever  on  motion,  or  on  infinitesimals,  ot 
on  vanishing  quantities,  or  even  on  limits.  It  is  wholly  algebraical, 
but  may,  by  a  diagram,  be  rendered  geometricaL  I  think  the  de- 
XQonstration  ia  Newton's  second  lemma  one  of  the  finest  produe- 
tions  of  his  unequalled  genius.  The  conception  of  motion,  from 
which  Maclaurin  demonstrated  so  very  tediously,  belongs  not  V> 
Newton's  demonstration,  but  to  his  idea  of  the  cootinuous  genera- 
tion of  quantity.  It  seems  to  be  through  Maclaurin  that  some  very 
eminent  foreign  mathematicians  see  and  blame  Newton. 

Robios,  from  what  Xewton  saya  himself,  observes  that  Newt<» 
ia  his  Mathematics  uses  the  word  momentum  ki  two  sensee  :  firs^ 
for  an  infinitely  small  quantity,  when  he  solves;  and  secondly^ 
when  he  demonstrates,  for  an  indeterminate  quantity  which  is  to  be 

conceived  to  vanish :  in  the  first  sense,  —  =  -4-  for  example ; 
here  &e  quantities  really  employed  are  -4-,    not  — :    bat  it  is^ 

evident  that  in  the  second  lemma  he  uses  the  word  momentum  in  » 
third  lense  :  for  it  is  there  neither  a  quantity  which  is  to  be  con- 
ceived to  vanish,  nor  la  it  J  or  i  till  it  be  multiplied  by  an  indeter- 
minate quantity  i. 

From  Newton's  second  lemma  we  obtain  the  easiest  demonstra- 
tion of  the  binomial  theorem  for  any  exponent;  because  from  the 
first  flusion  we  obtain  the  second,  &c.  Now  these  are  the  succes- 
sive fluxional  coefhcients.  We  have  therefore  only  to  multiply 
them  by  the  successive  powers  of  t,  and  to  divide  the  terms  by  1, 
1  X  2,  1  X  3  X  3,  respectively.  This  would  not  be  a  legitimate 
demonstration,  if  the  binomial  theorem  had  been  previously  em- 
ployed to  find  the  fluxions.  No  one,  I  think,  will  say  ibis  is  de- 
monstrating the  binomial  theorem  by  employing  the  higher  mathe- 
matics i  for  in  my  former  paper  I  showed  that  much  of  fluxions 
belonged  properly  to  the  very  elements  of  geometry  and  algebra. 

Prom  fig.  S,  p.  330,  it  is  easy  to  demonstrate  that  any  term 

—^ — p-~-' —  (,  for  example,  may  be  not  greater  only,  but  greater 

in  any  proportion  than  the  sum  of  all  the  succeeding  terms ;  for  iS 
naf"'  be  transferred,  with  the  negative  sign,  to  the  other  sid^ 
and  if  the  equation  be  then  divided  by  i,  the  thing  is  evident. 
Lagrange's  demonstrations  are  not  so  easy :  it  is  extremely  tedious^ 
and  teasing  for  a  learner  to  proceed  by  his  method  to  tangents^ 
quadramres,  &c. ;  a  proof  that  his  method  of  investigation  and  de- 
monstration, how  refined  and  convincing  soever,  is  not  short  aud 
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•emy,  but  circuiteas  and  difficult  Thus  the  learner  may  think  witk 
f^rd  to  Lagraoge's  process  4  hut  the  learned  will  admire  its  gene-^ 
fality,  Tigour,  con^stency,  and  important  applications.  Why  is 
not  Alt  Calculus  of  Variations,  the  noble  discovery  of  Lagrange^ 
admitted  into  i9ur  initiatory  books  ?  Much  of  it  is  quite  elementary^ 
and  its  nature  is  easily  apprehended. 

It  appears  to  me  also  that  much  of  the  M^chanraue  Analytiqtie 
if  ^kmentaiy,  and  may  be  taught  early.  Can  aiiy  thing  be  easier 
and  simplet  than  the  two  formulas,  the  one  for  statics,  the  other  fof 
dynamics  ?  How  delightful  will  the  study  of  that  oomprefaensiff 
Ifcattse,  and  of  Leplace^s  masterly  work  the  M6chanique  C61este^ 
h0i  if  the  learner  previously  understand,  <as  he  easily  may,  the 
parallelopiped  of  forces,  die  three  perpendicular  axes  of  rotation, 
<he  thvee  perjpendicular  ^ro-ordinates,  the  three  oo-urdinated  planes^ 
the  principle  of  virtual  velocities,  and  be  accustomed  to  introduce 
fay  substitution  the  sines  and  co-sines,  &c.  ?  Nothing  mni\  allure  a 
tosmer  more  tlian  to  study  the  way  in  which  Eulcr,  y^^*  ii«  ^f  Iq- 
Croduction  to  the  Analysis  of  Infinites,  employs  the  sines  and  co* 
aioes  in  changing  the  position  of  th^  co-ordinates.  May  not  the 
student  also  leam  early,  in  that  fine  performsmce,  the  genendiiHi  of 
curves  from  their  equations,  and  the  progressive  induction  of  those 
equations  witboitt  end :? 

I  wish  Lagrange  had  been  more  precise  in  the  titles  of  his  two 
booka^  Thewy  of  Analytical  Functions,  Calculus  of  Functions ; 
ibr,  as  his  llieory  does  not  include  geometrical  analysis,  it  relates 
to  algebraical  functions  only,  and  not  to  them  all  i  fcnr  it  does  not 
relate  to  common  fimctions  of  known  and  unknown,  of  constant 
and  variable,  quantities  9  it  therefore  relates  to  derived  fikictions 
lOnly ;  and  fiot  even  to  them  all ;  fer  let  any  one  consider  Arbogast's 
Derivations,  and  he  will  see  that  it  does  not  relate  to  derived  func- 
ikins  where  the  operations,  not  the  quantities,  are  derived  fixHa 
^each  other ;  it  is,  eonsequently,  the  theory  of  fluxidnad  or  differeu-A^ 
lial  functions  direct  and  inverse. 

Here  let  me  remark,  that  the  views  of  perhaps  all  the  writers  oA 
4lie  important  subject  of  fluxions  relate  more  or  less  directly  to  the 

doctrine  of  ratioi^  -=?-,  j^f*  ^  =  j^j  according  toLagrangeV 

own  statemofit;  for,  in  every  fraction,  is  not  the  numerator  the 
antecedent,  and  ^e  denoipinator  the  consequeat,  of  a  ratio  ? 

The  observations  of  Lacroix  and  other  eminent  mathematicians 
nfay  remove  the  difficulties  which  learners  always  find,  in  conse- 
quence of  the  differential  and  the  integral  notation,  as  the  differ- 
ences of  the  absciss  and  of  the  ordinate  are  not  employed,  nor  the 
integer  of  a  fraction,  nor  the  sum  of  quantities  $  the  notation,  how^ 
ever,  is  extremely  convenient,  and  wdl  not  puzzle  a  learner^  if  its 
defect  be  supplied  by  a  very  careful  explanation. 

Even  variation  is  not  a  very  happy  word,  for  variation  may  be 
either  starting  or  continuous.  Fluxion  is  theha^^\e!S^.^o\&^mlfe' 
kniow>  as.it  marb  a  cominuous^  not  a  stattiug^  c>^txk^<^\  %xA«tt 
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variations  as  a  calculus  succeed  fluxions  in  the  order  both  of  nature^ 
and  of  invention,  the  proper  appellation,  perhaps,  would  have  beetf 
fubfiuxions,  with  a  suitable  notation.  It  would  be  improper,  how«* 
ever,  to  propose  any  change. 

With  regard  to  the  fluxional  notation^  -^  seems  as  convenient  as 

I* 

j^9  while  the  latter  d  is  preserved  for  algebraic  operations ;  and  / 

seems  as  convenient  as  s  for  marking  the  fluent*    In  a  philosophical 

{)oint  of  view,  there  is  no  comparison. 

I  sometimes  hear  mathematicians  say,  We  ought  to  adopt  the 

foreign  notation.     Would  not  such  adoption  be  to  attempt,  as  lar 

^s  it  is  in  our  power,  to  efface  the  knowledge  of  one  of  Newton's 

greatest  discoveries  ?     Would  it  not  be  also  unpatriotic  ?     liide- 

pendently  of  a  natural  patriotism,  and  of  the  respect  due  to  Newton, 

.9vould  a  change  rather  unphilosophicai  be  a  change  for  the  better  ? 

1st  X  A. 
To  some  it  may  seem  a  digression,  that  the  formula  ^ g  =- 

3d  X    A  .         . 

uT R  '^  tlerivable  by  a  boy  from  the  simplest  operation  in  thei 

Bule  of. Three;  that  ia  the  eighth  of. a  line  it  contains  Euclid's 
fifth  definition  of  eight  lines  in  his  fifth  book ;  that  it  comprehends* 
all  proportional  quantities,  whether  commensurable  or  incommen- 
surable 5  and  that  Euclid,  it  is  probable,  thus  deduced  the  defi* 
jaition. 

The  mistake  of  a  very  able  mathematician,  Carnot,  in  his  M6ta- 
physique  du  Calcul  Infinitesimal,  where  he  endeavours  to  show  that 
the  differential  equations  are  imperfect,  seems  to  arise  from  his  not 
distinguishing  sufficiently  the  differences  or  increments  from  the 
fluxions  or  differentials. 

From  all  that  has  been  said  we  may  conclude,  that  no  demon- 
stration ought  to  depend  on  motion,  if  motion  can  be  avoided,  but 
that  motion  is  either  mathematical  or  mechanical :  that  no  demon- 
stration of  the  fluxional  problem  can  be  rigorous  and  satisfactory 
that  depends  on  infinitesimals  and  on  vanishing  quantities :  that 
though,  in  compliance  with  custom,  I  said  in  p.  331,  line  24, 
♦'  vanishing  quantity,"  yet  it  is  not  strictly  a  vanishing  quantity,  but 
9  quantity  which,  by  the  continued  bisection  of  the  increment  of 
the  abscissa,  may  become  less  than  any  assigned  quantity  how  small 
soever ;  that  in  my  former  paper  I  might  without  fig.  1  or  2  have 
stated  and  dempnstrated  by  fig.  3  the  doctrine  of  fluxion  in  the 
form  of  a  theorem ;  or  in  the  form  of  a  problem  thus,  prop,  pro- 
blem, to  find  thQ  fluxion  of  any  function  of  a  variable  quantity : 
orthiis,  prop,  problem,  to  find  the  rate,  &c.  To  find  the. rate  of 
change  in  a  quantity  and  its  function.  This  procedure  would  have 
been  more  scientific  and  elegant,  not  more  intelligible,  tiian  that 
which  I  employed :  that  Newton's  lemma  consists  of  two  parts ; 
first,  of  the  conception  of  the 'generation  of  quantity  by  motion; 
fipdj  secpndljr^  of  t^e  denQpnstnttion  which  ttlatcs  neither  to,  ma^ 
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Hon,  nor  to  infinitesimals^  nor  to  vanishing  quantities^  nor  even  to 
limits  except  indirectly :  that  fluxions^and  variations  which  are  also 
fluxions,  ought  to  be  taught  among  the  very  elements  of  geometry 
and  algebra :  that  curves  are  most  easily  conceived  and  understood 
from  their  equations^  not  from  the  sections  of  solids  :  that  the  sec- 
tions of  cones  and  of  other  soiids  may  be  very  requisite  in  masonry, 
carpentry,  civil  and  military  engineering ;  but  that  the  student  of 
general  science,  without  neglecting  these  sections,  ought,  soon 
after  he  knows  the  fourteenth  proposition  of  Euclid's  second  book, 
and  a  little  of  algebra,  to  acquire  the  principles  of  fluxions,  availing 
himself  of  that  knowledge  to  render  bis  progress  continuous  from 
Euclid  through  conies,  which  he  will  do  by  taking  the  equations  to 
the  ellipse,  &c.  from  that  to  the  circle  :  and  that,  if  such  a  method 
be  followed,  a  diligent  student  will  leave  our  Universities  with  a 
competent  knowledge  of  Newton,  Euler,  Lagrange,  Monge,  La- 
place, and  many  others,  and  of  any  department  of  natural  philo- 
iK>phy  to  which  their  mathematical  researches  are  applicable. 
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Article  V. 

A  Memoir  on  Iodine.    By  M.  Gay-Lussac. 

{Concluded  from  p.  132.) 

Historical  Note  on  the  Discovery  of  Iodine. 

It  was  about  two  years  after  M.  Courtois  had  discovered  iodine 
that  M.  Clement  announced  it  to  the  Institute  on  the  29th  Novem<*> 
fcer,  1813.  M.  Courtois  had. observed  several  of  its  properties,  and 
particularly  that  which  it  has  of  forming  a  very  fulminating  powder 
when  treated  mi\\  ammonia.  He  intended  to  have  ascertained  all 
its  properties;  but  being  prevented  by  the  attention  required  by  an 
extensive  manufactory  of  nitre,  he  engaged  M.  Clement  to  continue 
his  researches.  M.  Clement,  from  similar  motives,  could  only  con- 
secrate to  it  a  few  moments.  However,  he  obtained  a  great  number 
of  results,  as  may  be  seen  by  the  note  printed  in  thc/ Ann.  de  Chim. 
Ixxxviii.  304.  He  discovered  that  by  the  combination  of  iodine 
and  phosphorus  a  gaseous  acid  is  obtained  ;  but  he  concluded  from 
hb  experiments  that  this  acid  was  composed  of  about  j.  muriatic 
acid  and  ^  iodine.  M*  Clement  was  employed  in  these  experiments 
when  Sir  H.  Davy  came  to  Paris  ;  and  he  thought  that  he  could 
Bot  better  receive  so  distinguished  a  philosopher  thaj:)  by  showing 
Um  the  new  substance^  which  he  had  lil^wise  shown  to  MM. 
Chaptal  and  Ampere.  I  state  these  circumstances  to  answer  a 
strange  assertion  which  vrofind  in  the  Journal  of  Messrs.  Nicholson 
andTilloch,  No.  189,  p.  69: — "  It  appears  that  this  gas  (iodi 
was  discovered  above  two  years  ago ;  but  such  is  the  deplorable  % 
of  scientific  men  in  France,  that  no  accouul'^^  '^*  «^^^\x\K\iw 
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tbe  arrival  of  our  Euglish  philoaopher  there. "  It  is  Sir  H.  Davy  of 
whom  they  speak.  Soon  after  showing  iodine  to  Davy,  and  com- 
municating to  him  the  result  of  his  experiments,  M.  Clement  read 
bis  note  to  the  Institute,  and  concluded  by  announcing  that  I  was 
goiDg  to  continue  tlie  subject.  On  the  6th  of  December  i  read  a 
note  to  the  Institute  on  the  subject,  which  was  printed  in  the  Mo- 
niteur  of  the  12th  of  December,  and  afterwards  in  the  Annates  de 
Chimie,  Ixssvlii.  311.  It  is  needless  to  say  here  that  the  results 
which  it  contained  determined  the  nature  of  iodine,  aud  that  I 
there  etitablished  that  it  is  a  simple  body  analogous  to  chlorine. 
Nobody  hitherto  has  disputed  that  I  was  the  first  who  discovered  the 
nature  of  iodine  :  and  it  is  certain  that  Davy  did  not  publish  his 
results  till  more  than  eight  days  after  having  known  mine. 


Note  a. 
When  we  make  iodine,  an  alkaline  oside,  and  water,  act  upon 
each  other  at  once,  there  is  formed  in  general  an  iodate  and 
hydriodate,  or,  if  you  choose,  an  ioduret.  The  oxygen  which 
acidilies  the  iodine  may  be  furnished  either  by  the  alkaline  o&ide  or 
by  the  water.  Let  us  examine  which  of  these  two  in  all  probability 
furnishes  it.  When  we  employ  potash,  we  may  admit  that  it  is  it 
which  furnishes  the  osygen  to  the  iodine  ;  for  as  iodine  disengages 
oxygen  from  the  potash  at  a  red  heat,  we  may  conceive  that  the 
same  thing  twkes  place  at  the  ordinary  temperature  by  means  of 
water ;  especially  if  we  consider  that  here  two  products  are  formed, 
iodate  and  ioduret,  and  that  there  are  of  consequence  two  forces 
which  tend  to  decom|X>se  a  portion  of  the  potasli.  The  same  thing 
may  be  said  of  soda,  from  which  iodine  likewise  separates  the 
oxygen  at  a  red  heat ;  and  of  ail  the  oxides  in  which  the  oxygen  is 
but  weakly  condensed.  But  is  this  necessarily  the  case  also  with  all 
the  other  oxides  f  Iodine  does  not  disengnge  the  oxygen  from 
harytes,  strontian,  lime,  and  magnesia,  even  at  a  very  high  tem- 
perature ;  and  this  circumstance,  while  it  renders  it  more  difBcult 
to  conceive  the  decomposition  of  a  part  of  these  alkalies  by  means 
of  water,  although  there  is  then  the  concurrence  of  two  affinities, 
renders  very  probable  the  existence  of  a  limit  beyond  which  the 
united  affinities  of  the  iodine  for  the  metal,  and  the  iodic  acid  for 
the  metallic  oxide,  cannot  overcome  the  affinity  of  the  metal  for 
oxygen.  In  this  case  tlie  water  may  be  decomposed ;  and  I  have  no 
doubt  that  this  is  the  fact.  On  the  supposition  that  there  exist  only 
iodurets  in  solution  in  water,  and  no  hydriodates,  it  is  a  necessaiy 
consequence  that  tlie  oxygen  is  furnished  to  the  iodine  by  the  me- 
tallic oxide.  But  if  there  exist  hydriodates,  then  the  oxygen  will 
be  furnished  by  the  water  in  all  the  cases  in  which  they  are  formed. 
Tlie  question  tJien  reduces  itself  to  this— do  hydriodates  exist  f  We 
siiall  examine  it.  But  as  it  is  the  same  witli  the  hydro- chlorates, 
which  are  better  knuwa^  we  shall  turn  our  more  particular  atteatwQ- 
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It  may  be  stated^  in  the  first  place^  agah»t  the  existence  of 
hydro-chlorates,  that  we  must  admit  that  <m  evaporating  the  watet 
in  which  they  are  dissolved,  they  are  changed  into  chlorurets,  and 
diat  by  redissolving  these  we  refntxiace  the  bydro»chlorates. 

It  is  very  true  that  crystallization  is  sumcient  to  change  the 
Hydro-chlorates  of  potash,  soda,  and  bary  tes,  into  the  state  of  chlo-» 
rurets.  But  this  does  not  happen  with  the  hydro-chlorates  of  lime 
and  magnesia.  A  high  temperature  is  necessary  to  deprive  the  first 
of  the  whole  of  its  water.  And  how  can  we  affirm  that  a  part  of 
that  water  is  not  the  result  of  the  oxygen  and  hydrogen  which  con- 
stituted the  hydro-chlorate  ?  That  of  magnesia  requires  likewise  m 
high  temperature  to  be  decomposed,  and  the  chlorine  finds  still 
sufficient  hydrogen  to  be  changed  into  hydro-chloric  acid. 

Here  then  is  a  decided  case  in  which  hydro-chloric  acid,  and  we 
may  add  hydriodic  acid,  are  not  able  to  reduce  magnesia,  though  iqi 
circumstances  most  favourable  to  their  actiou.  But  if  we  cannot 
deny  the  existence  of  hydro-chlorate  and  hydriodate  of  magnesia^ 
by  what  certain  character  can  we  know  that  those  of  time  cannot  > 
exist  at  the  ordinary  temperature  of  the  atmosphere  ? 

When  a  solution  of  chloruret  of  calcium  is  mixed  with  subcar* 
bonate  of  ammonia,  the  chlorine  must  pass  to  the  state  of  hydros 
chloric  acid  in  order  to  combine  with  the  ammonia.  And  if  wc* 
can  admit  that  water  is  decomposed  at  the  moment  of  precipitation 
in  order  to  furnish  hydrogen  to  the  chlorine,  and  oxygen  to  th« 
calcium^  nothing  in  that  case  prevents  us  from  admitting  that  the 
act  of  crystallizing  is  sufficient  to  convert  an  hydro-chlorate  into  a 
ehloruret^  and  that  the  solution  of  a  chloruret  in  water  converts  it 
into  a  hydro-chlorate ;  for  it  is  the  difference  of  solubility  of  subcar- 
bonate  of  lime  and  hydro-chlorate  of  ammonia  which  occasions  the 
double  exchange  of  the  bases  and  adds ;  and  consequently  it  is  on 
account  of  that  difference  of  solubility  that  the  water  is  decomposed. 
If  we  mix  together  chalk  and  muriate  of  ammonia,  we  repioduce 
by  heat  subcarbonate  of  ammonia  and  chloruret  of  calcium.  Thus, 
though  we  refuse  tp  adroit  that  the  chktfuret  ot  calcium  is  changed 
into  bydro-chlorate  by  solution  in  water,  we  must  stilt  allow  that 
the  elements  of  water  may  be  separated  or  united  by  a  trifling 
change  of  temperature.  What  I  have  just  said  of  the  hydro-chlo- 
rate of  lime  applies  to  most  of  the  other  hydro-chlorates  and 
hydriodates ;  and  I  might  mention  other  analogous  facts.  Bu\  I  ask 
this  only  to  be  granted  me,  tliat  water  in  certain  circumstances  may 
be  formed  or  decomposed  by  the  same  forces  which  produce  the 
double  decomposition  of  salts.  Tliese  forces  being  in  general  very 
weak,  since  a  slight  change  in  temperature  is  sufficient  to  vary  the 
nature  of  double  decompositions,  it  will  be  obvious  that  solution  in 
water  and  crystallization  may  determine  the  decomposition  and 
formation  of  this  liquid.  But  in  that  case  the  reason  which  I 
assigned  in  fiivour  of  the  existence  of  chlorurets  and  iodurets  dis- 
solved in  water,  does  not  appear  to  me  to  have  the  same  Cote^. 

It  may  be  aiieged,  on  the  other  hand,  in  (avout  oi  ^\^  ^xsx^w^^ 
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of  cfalorurets  in  solution  in  water^  that  when  they  are  dissolved  only 
ft  very  slight  chaoge  of  temperature  takes  place  ;  while  if  the  water 
Were  really  decomposed,  the  variation  would  be  very  great. 

The  temperature  produced  by  the  solution  of  a  solid  body  being 
the  result  of  two  opposite  causes,  it  is  difficult  to  distinguish  the 
heat  owing  to  the  combination  of  the  liquid  with  the  solid  from' 
that  which  is  owing  to  the  change  of  state  in  the  solid.    But  .inde«^ 
pendent  of  this  consideration,  I  must  remark,  that  some  of  the 
cblorurets  produce  cold  when  dissolved  in  water,  and  others  heat* 
Thus  the  chloruret  of  sodium  sinks  the  temperature  of  the  water; 
about  3*5^,  while  that  of  calcium  raises  it  more  than  108^.     Far* 
ther,  if  it  be  demonstrated  that  the  forces^  which  determine  the 
double  saline  decompositions,  are  sufficient  to  operate  the  separation; 
of  the  elements  of  water  and  their  union  in  the  circumstances  of 
which  we  are  speaking,  we  ought  to  admit  that  the  state  of  con*' 
dentation  of  the  oxygen  and  hydrogen  in  water  is  little  different 
from  that  which  they  experience  in  the  hydro-chlorate,  and  then  the 
variations  of  temperature  owing  to  the  separation  or  re-union  of 
these  two  elements  ought  to  be  but  little  sensible.     Besides,  my 
object  is  not  to  prove  that  only  hydro-chlorates  exist  in  solution  in 
water.    I  believe,  on  the  contrary,  that  according  to  the  nature  of 
the  substance  with  which  the  chlorine  is  combined,  the  cblorurets 
may  dissolve  in  water  without  undergoing  decomposition,  or  be 
{changed,  into  hydro-chlorates  during  that  solution. 

To  acquire  still  further  light  on  that  head,  I  supposed  that  on 
mixing  a  solution  of  sulphate  of  ammonia  with  that  of  chioruret  of 
Calcium  or  barytes,  there  ought  to  be  produced  a  great  deal  of  heat, 
if  these  metals  were  not  combined  with  oxygen ;  for  having  to  pass 
into  the  state  of  oxide  in  order  to  combine  with  sulphuric  acid,  the 
decomposition  of  the  water  must  necessarily  take  place,  and  its 
oxygen  experiencing  a  great  condensation  on  uniting  to  the  calcium 
or  barium,  there  ought  to  be  a  very  sensible  disengagement  of  heat. 
On  mixing  solutions  of  chloruret  of  calcium  and  sulphate  of  am- 
monia nearly  in  equal  volumes,  the  temperature  scarcely  rose  half  a 
degree,  though  such  a  quantity  of  sulphate  of  lime  was  formed  that 
the  whole  mixture  became  solid.  The  solution  of  chloruret  of 
barium  treated  in  the  same  way  produced  an  elevation  of  about  3*5°. 
From  tiiese  facts  it  would  seem  that  in  the  solution  of  chloruret  of 
calcium  the  metal  is  in  the  state  of  an  oxide,  while  in  that  of  chlo« 
ruret  of  barium  the  metal  is  sUH  in  the  metallic  state. 

Analogy,  to  which  one  should  not  yield  too  blindly  in  chemistry, 
but  which  ought  not  to  be  neglected  when  founded  on  a  numerous 
series  of  phenomena,  furnishes  still,  as  we  shall  sec,  some  proba- 
bilities  in  favour  of  the  existence  of  the  hydro-chlorates. 

It  cannot  be  doubted  that  sulphur,  and  even  phosphorus,  ap« 

proach  a  good  deal  to  chlorine  and  iodine,  and  that  of  course  their 

combinations  have  an  analogy  with  each  other.    But  if  we  dissolve 

in  water  the  sulphuret  of  potassium,  we  obtain  a  combination  the 

^Qur  pf  which  announces  the  presence  of  hydro-sulphuric  acid. 
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tod  wliich  allows  that  acid  to  escape  by  the  action  of  a  moderate 
beat.  Iq  the  same  way,  when  phosphuret  of  potassium  is  dissolved, 
phosphureted  hydrogen  gas  is  disengaged.  The  water  then  in  these 
different  circumstances  is  decomposed  :  in  the  first  case,  in  conse** 
qoence  of  the  affinity  of  potassium  for  oxygen,  and  of  sulphur  for 
hydrogen ;  and  in  the  second,  in  consequence  of  the  same  affinities, 
together  with  that  of  phosphorus  for  oxygen,  since  at  the  same  time 
phosphorous  acid  is  formed.  Further,  I  have  already  remarked  that 
among  the  chlorurets,  iodurets,  and  sulphurets,  it  is  those  one  of 
whose  elements  has  more  affinity  for  oxygen  than  the  other  for 
hydrogen,  that  are  soluble  in  water.  Hence  after  the  unequivocal 
existence  of  hydro-chlorate  and  hydriodate  of  magnesia;  after  the 
proofs  which  I  have  given  that  water,  either  in  dissolvitig  a  chlo- 
ruret,  or  in  abandoning  it,  may  be  decomposed  or  formed  by  the 
same  forces  that  determine  the  double  saline  decompositions;  and 
after  the  analogies  which  I  have  just  stated,  I  think  we  may  admit 
that  most  of  the  chlorurets,  iodurets,  and  sulphurets,  in  solution  ia 
water,  those  at  least  whose  metals  have  a  great  affinity  for  oxygen, 
may  be  considered  as  hydro-chlorates,  hydriodates,  and  hydro-sul- 
phates. 1  do  not,  however,  deny  the  existence  of  the  chlorurets, 
&c.  in  solution  in  water.  On  the  contrary,  I  admit  as  a  principle 
that  we  ought  to  have  a  chloruret  or  a  hydro-chlorate  ia  solutions 
according  as  the  forces  which  act  in  order  to  decompose  water  arf 
smaller  or  greater  than  those  which  keep  its  elements  united. 

Note  B. 

On  Acidity  and  Alhxiliniiy, 

All  the  combinations  which  bodies  form  may  be  divided  into  two 
lets.  In  the  one  there  is  perfect  neutrality ;  in  the  other,  acidity  or 
alkalinity. 

Neutrality  may  not  only  exist  in  the  saline  combinations,  but 
likewise  in  many  others.  Thus  the  ethers  formed  by  the  combina- 
tion of  an  acid  with  alcohol,  the  soaps  with  an  alkaline  or  acid  basis, 
are  so  many  compounds  in  which  the  respective  properties  of  the 
constituents  disappear  completely.  In  the  acid  or  alkaline  combina-* 
tions,  on  the  contrary,  the  peculiar  properties  of  one  of  tfie  consti- 
tuents still  show  themselves.  ' 

From  the  idea  of  neutrality  derived  principally  from  the  saline 
combinations,  we  regard,  as  performing  the  function  of  an  alkali, 
all  the  bodies  which  saturate  either  completely  or  in  part  the  pro- 
perties of  acids  ;  and  as  acids,  all  bodies  that  saturate  the  properties 
of  alkalies.  We  consider,  further,  the  neutral  state  as- resulting 
from  a  certain  constant  ratio  between  the  body  which  possesses  the 
properties  of  acids,  and  that  which  possesses  those  of  alkalies.  In 
every  other.ratio  the  compound  is  acid  or  alkaline.  But  in  all  cases 
the  acidity  or  alkalinity  which  is  in  excess  is  less  than  befoi 
^omHnation;  and  this  excess  may  be  exactly  measured  b^  tbi 
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tiiy  <^  substance  which  it  is  necessary  to  add  to  obtain  the  neutral 
state  compared  with  the  whole  of  the  same  suhsiance  contained  in 
die  neutral  compound.  Liet  us  apply  these  considerations  to  the 
acids  themselves,  and  to  the  alkalies. 

Neutrality,  or  complete  saturation  of  the  acid  properties  by  the 
alkaline,  takes  place  both  between  two  simple  bodies  and  two  com- 
pound bodies.  It  is  in  the  first  case  even  that  acidity  and  alkalinity 
show  themselves  in  all  iheir  energy.  Water  and  white  oxide  of 
Kisenic  arc  neutral  combinations,  analogous  in  this  respect  to  the 
■alls :  and  as  it  is  oiLygen  which  possesses  acid  properties,  hydrogen 
snd  arsenic  ought  to  p^tssess  alkaline  ones.  When  oxygen  is  com- 
bined with  the  metal  in  greater  quantity  than  in  white  oxide,  then 
the  compound  is  acid.  In  like  manner  protoxide  of  azote  ought  to 
be  considered  as  a  neutral  compound;  but  when  the  oxygen  ia 
combined  with  azote  in  three  times  or  five  times  as  great  a  propor- 
lion,  the  acid  properties  of  the  oxygen  are  no  lunger  neutralized  by 
the  alkaline  properties  of  the  azote,  and  the  combination  possesses 
acid  characters. 

Since  most  of  the  oxides  are  alkaline,  though  they  contain 
oxygen,  the  metals  whose  oxides  have  that  property  ought  them* 
selves  to  possess  it  in  a  much  more  considerable  degree.  It  would 
seem  from  this  that  oxygen  loses  or  preserves  its  character  in  com- 
binations, according  to  the  proportion  in  which  jt  enters  into  them. 
I^t  us  examine  if  these  proportions  should  be  constant  or  variable 
to  produce  this  effect.  We  shall  compare  the  bodies  according  to 
iheir  volumes  in  the  elastic  state,  and  not  according  to  their  ponder- 
able quantities,  which  liave  much  less  influence  on  tlieir  combina- 
lions. 

In  water  there  enter  two  volumes  of  iiydrc^en  and  one  of  oxygen. 
Hpnce,  equal  volumes  considered,  oxygen  is  much  more  acidifying 
than  azote  is  alkalifying;  and  that  equal  volumes  of  azote  and 
hydrogen  are  alkalilying  in  the  same  degree,  if  we  can  compare 
exactly  the  protoxide  of  azote  with  water.  The  oxide  of  carbon 
appears  to  me  to  result  from  the  combination  of  two  volumes  of  ibe 
vapour  of  carbon  with  one  of  oxygen  gas,  and  if  we  might  consider 
the  protoxide  of  azote  and  water  as  combinations  equally  neutral,  we 
might  conclude  that  the  acidifying  properties  of  oxygen  gas  are 
neutralized  by  a  double  proportion  of  the  body  with  which  it  com- 
bines, and  it  would  be  very  remarkable  that  azote,  hydrogen,  and 
carbon,  possess  alkalifying  properties  in  t!>e  same  degree. 

In  carbonic  acid  we  may  conclude  with  tlie  greatest  probability 
that  the  oxygen  is  combined  with  an  equal  t'olume  of  the  vapour  of 
carbon,  and  in  sulphurous  acid  that  it  is  combined  with  an  equal 
volume  of  the  vapour  of  sulphur.  But  though  in  nitrous  gas  there 
are  equal  volumes  of  oxygen  and  azote,  this  gas  does  not  possesi 
acid  properties.     But  as  these  three  compounds  contain  the  same 

Soportions  in  volume,  and  as  there  is  no  other  difference  between 
em  except  that  in  sulphurous  and  caibonic  acids,  the  condeaaatioo 
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amounts  to  half  the  whole  volume^  while  in  nitrous  gas  there  is  no 
ooiideiisation  whatever^  it  would  seem  that  this  is  the  cause  whj 
Bitrous  gas  does  not  possess  acid  properties,  and  consequently  that 
iint  combination  of  an  equal  volume  of  oxygen  with  a  certain  class 
ef  bodies  will  constantly  produce  acids^  if  the  condensation  of  the 
dements  be  one  half  of  the  whole  volume. 

Nitrous  acid  is  composed  of  1  azote  and  1*5  oxygen^  and  nitric 
add  of  1  azote  and  2*5  oxygen^  and  yet  the  acidifying  property  of 
Aeae  two  acids  is  the  same  ;  for  with  equal  quantities  of  azote  they 
fliitwmte  the  same  quantity  of  alkaline  base.  The  case  is  the  same 
with  sulphurous  and  sulphuric  acids,  the  last  of  which  contains 
I'S  more  oxygen  than  the  first,  though  they  both  saturate  the  same 
qnuitity  of  base.  Iodic  acid  is  composed,  like  nitric  acid,  of  one 
part  in  vcrfume  of  vapour  of  iodine  and  2*5  of  oxygen ;  and  chloric 
acid  results  also  from  the  union  of  one  part  of  chlorine  with  two 
and  a  half  of  oxygen. 

It  18  very  remarkable  to  see  acids  very  different,  both  in  the 
nature  of  their  radical  and  in  the  quantity  of  oxygen  which  they 
contain^  saturate  the  same  quantity  of  alkali,  supposing  each  to 
oootain  the  same  gaseous  voltime  of  radical.  The  following  table 
shows  this : — 

Chloric  acid {oxygiS ^.^  }saturates2  ammonia 

«*•«« {S??„:::;::::i5} - 

«««»»•'*' --{^y^p ;:::::::  U} » 

It  is  very  pvobable  that  hydro-sulphuric  acid  follows  the  same 

When  we  see  such  different  acids  saturate  the  same  quantity  of 
}m6e  (supposing  each  to  contain  the  same  volume  of  radical),  ought 
We  not  to  draw  this  consequence  that  the  saturating  property  of  aa 
arid  depends  principally  upon  its  radical,  since  only  the  ratio  of  this 
mdical  to  the  allaline  base  is  constant } 

'  In  fact,  if  there  be  no  doubt  that  oxygen,  chlorine,  and  iodine, 
'  pestess  very  powerful  acidifying  properties,  how  comes  '*  '*       *  Inrfc 
leid  and  iodic  acid  do  not  saturate  more  than  nitr?  ^ 

asid^  &e»It  may  be  answered  that  tlie  wa^  in  v^bkl^  ^ 
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Ecidhy  is  not  exact,- and  that  there  is  a  great  difTefenee  between  the 
property  which  an  acid  has  of  neutralizing  a  greater  or  smdOkr 
quantity  of  base,  and  the  energy  of  its  acidity.  I  admit  this  for  ait 
instant ;  and  I  shall  even  suppose  that  the  acid  energy  of  a  body: 
depends  upon  its  electric  energy.^ Do  we  not  admit  that  the  electrio 
energy  of  a  neutral  salt  is  null,  or  almost  null  ?  And  evien  in  this: 
case,  must  not  the  electric  energy  of  the  acid  be  destroyed  by  the 
opposite  energy  of  the  base  ?  If  this  were  the  case,  it  would  be 
doubtless  as  remarkable  to  see  the  same  quantity  of  base,  the  eleetri<r 
energy  of  which  is  constant,  neutralize  the  energy  of  very  different 
acids,  which  without  doubt  is  variable.  Besides,  I  must  observe 
that  M.  Berthollet  has  long  ago  put  it  out  of  doubt  that  the  insolti^ 
bility  and  elasticity,  both  of  the  acids  and  bases,  and  of  the  com^^ 
pounds  into  which  they  enter,  are  the  principal  causes  of  their 
mutual  decompositions ;  and  consequently  that  the  electric  energi^s^ 
though  highly  worthy  of  consideration,  are  here  but  secondary. 

But  I  shall  venture  to  say  that  the  neutralization  of  acids  and  alkalies 
in  simple  ratios,  and  that  of  their  electric  energies,  when  they  form 
neutral  salts,  are  subordinate  to  the  property  which  all  bodies  have  of 
combining  in  definite  proportions ;  and  I  conceive  that  what  we  call 
nmirality  does  not  indicate  a  uniform  degree  for  all  combinations. 
A  compound  is  neutral  with  respect  to  us  when  it  refuses  to  unite 
with  the  acid  or  alkaline  particles  presented  to  it.  But  if  the  energy 
of  the  acid  body  which  enters  into  the  compound  does  not  exactly 
correspond  with  the  energy  of  the  alkaline  body  ;  if  it  be  necessary, 
in  order  to  saturate  the  excess  of  the  one  or  the  other,  to  add  a 
quantity  of  acid  or  alkali  beyond  the  definite  proportion  in  whick 
the  acid  and  alkaline  body  can  (Combine,  the  combination  of  the 
portion  added  will  not  be  possible,  and  consequently  the  saturation 
of  the  acidity  or  alkalinity  cahnot  be  complete,  though  re-actives 
indicate  the  contrary.  Such  combinations  ought  to  preserve  a  cer- 
tain energy  of  affinity,  which  is  probably  the  cause  of  the  formation 
of  triple  salts,  and  thtse  salts  ought  to  approach  nearer  to  perfect 
neutrality  than  those  of  which  they  are  formed.  We  observe,  in, 
fact,  that  the  solubility  of  the  triple  salts  is  in  general  less  than  that' 
of  the  salts  of  which  they  are  composed ;  and  it  is  natural  to  think 
that,  ccBteris  paribus,  a  saline  combination  ought  to  be  the  lessf- 
soluble  the  more  neutral  it  is. 

From  what  has  been  said,  we  see  that  oxygen  in  general  gives  a 
neutral,  acid,  or  alkaline,  character  to  a  body  according  to  the  pro-' 
portions  in  which  it  combines  with  it ;  but  that  the  condensation  of 
volume  which  the  constituents  undergo,  has,  independent  of  pro-* 
portions,  a  very  great  influence  in  the  determination  of  the  cha- 
racter of  the  compound  which  they  form.     Thus  the  combination  in. 
volume  of  two  parts  of  hydrogen,  azote,  or  carbon,  with  one  of; 
oxygen,  and  a  condensation  of  one-third  of  the  total  volume  deter- 
mines the  neutral  character.    The  combination  of  one  part  in  vo 
lume  of  carbon  or  sulphur  with  one  part  of  oxygen,  and  a  condeor 
sation  of  half  the  total  volume^  determines  the  ncid  character.  But 
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if  the  condensation  be  nothing,  as  in  nitrous  gas,  the  compound  is 
neither  acid  nor  alkaline,  though  it  contain  equal  volumes  of  azote 
apd  oxygen.  It  seems  to  result  from  this  tliat  neutrality  betweea 
two  bodies  may  be  obtained  in  different  ways,  by  varying  their  pro-* 
portions  or  the  condensation  of  their  volumes.  When  the  propor* 
lion  of  oxygen  is  above  half  the  total  volume,  there  ought  for  a  still 
stronger  reason  to  be  acidity.  Yet  when  we  compare  sulphurous 
wijth  sulpliuric  acid,  nitrous  with  nitric  acid,  and  phosphorous  with 
phosphoric  acid,  we  observe  that  the  acidity  is  the  same  for  each 
couple  of  acids,  though  they  contain  different  quantities  of  oxygen. 
I  consider  it  as  very  probable  that  the  oxygen  added  to  sulphurous 
acid  to  convert  it  into  sulphuric  does  not  change  its  volume,  and 
that  we  have  always  the  same  number  of  compound  molecules  which 
combine  with  the  same  number  of  alkaline  molecules.  This  vievr 
of  the  subject  will  explain  the  permanency  of  neutrality  in  the  salts 
whose  acid  is  capable  of  combining  with  a  new  quantity  of  oxygen^ 
and  it  would  make  the  neutral,  acid,  or  alkaline,  character  depend 
both  on  the  number  of  heterogeneous  molecules  which  combine, 
and  on  their  arrangement.  It  will  explain  likewise  why  an  oxide 
saturates  so  much  the  more  of  an  acid  as  it  contains  more  oxygen  ; 
for  it  will  be  sufficient  to  admit  that  the  number  of  molecules  of  the 
oxide  increases,  on  receiving  a  new  quantity  of  oxygen,  in  the  same 
ratio  as  the  number  of  acid  molecules  which  it  saturated  at  first  has 
augmented.*  We  shall  be  able  to  conceive  likewise  why  two  bodies^ 
i'dse  chlorine  and  oxygen,  which  have  such  decided  acid  characters, 
form,  on  combining  in  the  proportion  of  1  to  2*5,  an  acid  which 
laturates  no  more  than  hydro-chloric  acid,  which  is  composed  of 
equal  parts  of  chlorine  and  hydrogen,  though  the  characters  of 
hydrogen  be  rather  alkaline  than  acid.  We  shall  be  able  to  con- 
ceive likewise  why  fat  bodies  and  alcohol  saturate  acids  like  alkalies, 
and  why  the  same  fat  bodies  saturate  alkalies  like  acids.  Lastly,  we 
shall  be  able  to  conceive  the  possibility  of  forming  neutral  com- 
pounds  with  bodies  which  have  the  same  acid  or  alkaline  character, 
and  we  will  admit  without  difficulty  that  the  oxide  of  chlorine  or 
euchlorine,  though  resulting  from  the  combination  of  two  bodies 
strongly  acidifying,  may  notwithstanding  be  neutral. 

Neutrality,  as  1  have  already  observed,  takes  place  as  well  betweea 
two  simple  bodies  of  opposite  characters,  as  between  an  acid  and  an 
alkali.  We  may  say  it  takes  place  better ;  for  in  the  metallic  oxides, 
for  example,  the  alkalinity  which  they  enjoy  is  the  result  of  two 
opposite  properties,  the  alkalifying  property  of  the  metal,  and  the 
acidifying  of  oxygen,  modified  both  by  the- combination  and  hy  the 
proportions.  We  have  easy  methods  of  recognizing  the  neutral^ 
acid,  or  alkaline,  state  of  some  combinations ',  but  as  these  methods 
do  not  apply  to  ai),  1  shall  endeavour  to  point  out  a  new  one. 


•  It  is  very  remarkable  that  in  the  acids  the  satnrating  property  appears  to 
^peud  solely  on  the  radical,  while  in  the  oxides,  oa  the  contrary,  it  depends  upoa 
lh«  pxygen,  which  they,  contain. 


I 
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If  ne  decompose  nitrate  of  ammonia  by  beat,  we  obtain  two  pro- 
ducts— water,  which  is  neutral;  and  proioxide  of  azote,  which 
ought  to  be  so  too.  I  say  ivMck  oiigkl  lo  be  so,  first,  because  it  has 
no  acid  nor  alkaline  character ;  secondly,  because  it  is  formed  in  a 
manner  analogous  to  water,  namely,  two  volumes  of  azote  and  one 
of  oxygen. 

The  chlorurct,  ioduret,  and  sulphuret  of  potassium,  give  neutral 
compounds  when  in  solution  in  water.  If  this  neutrality  did  not 
exist  between  their  elements,  there  can  be  no  doulit  thnt  it  would 
not  exist  in  the  solulisn.  If,  for  example,  there  were  an  excess  of 
potassium,  liydrogen  would  be  disengaged.  If  the  chlorine,  iodine, 
or  sulphur,  were  in  excess,  their  properties  would  be  easily  recog- 
nised. But  the  neutral  hydro-chlorate  of  potash  changing  into 
neutral  chloruret  of  potassium  because  water  is  formed,  we  see  that 
when  two  of  the  tour  elements  of  this  neutral  salt  form  a  neutral 
compound,  that  formed  by  the  two  other  elements  is  neutral  also, 
This  is  the  fact  which  1  wish  to  generalize,  by  saying  that  whenever 
a  neutral  compound  is  divided  into  two  compounds  of  which  the 
one  is  neutral,  the  other  is  so  of  necessity  also ;  for  example,  in  the 
neutral  sulphate  of  ammonia  all  the  oxygen  of  the  acid,  and  all  the 
hydi-ogen  of  the  alkali,  forming  water  which  is  neutral,  the  sulphur 
and  azote  which  remain,  and  which  are  in  the  proportion  of  20  to 
l7'£,  will  form  a  sulphuret  of  azote  which  ought  to  be  neutral  also, 
knd  which  will  be  composed  of  equal  volumes  of  sulphur  and  azote. 

On  decomposing  neutral  chlorate  or  iodate  of  potash  by  heat,  we 
ebtain  neutral  chlorurct  and  ioduret  of  poiassium  j  consequently 
the  potassium  by  losing  its  oxygen,  which  necessarily  diminished  its 
alkaline  energy,  has  gained  as  much  alkaline  energy  as  the  chlorine 
and  iodine  liave  gained  of  acid  energy  by  losing  five  times  as  mucb 
oxygen.  Here  is  a  new  proof  that  the  acid  properties:  of  a  body  do 
not  follow  the  ratio  of  the  quantity  of  oxygen  which  combine 
with  il. 

Another  principle,  which  I  thinlt  ought  to  be  admitted,  is  that  a 
neutral  compound  does  not  destroy  the  acid  or  alkaline  energy  of 
another  compound  witli  which  it  combines.  This  is  proved  by 
showing  that  when  neutral  compounds  are  mixed,  the  mixture  re- 
mains neutral.  According  to  this  principle,  water  holding  in  soju- 
tion  an  acid  or  an  alkali  ought  to  remain  alwap  acid  or  alkaline, 
whatever  be  its  proportion.  This  liquid,  considered  as  a  solvent, 
presents  therefore  this  remarkable  circumstance,  that  it  overcomes 
the  cohesion  or  elasticity  of  the  bodies  with  which  it  unites  without 
destroying  their  characldristic  properties,  which  enables  us  often  to 
observe  these  properties  better  than  in  the  bodies  themselves. 

In  the  neutral  state,  the  acid  or  alkaline  properties  being  m 
general  saturated,  it  is  evident  that  a  neutral  body  ought  to  have 
less  tendency  to  combine  with  acids  or  alkalies  than  those  which  are 
not  so  ;  and  we  may  easily  explain  why,  cceleris  pitnlus,  the  afBnity 
of  an  oxide  for  acids  diminishes  in  proportion  as  it  combines  with  a 
greater  dose  of  oxygen.    By  that  it  approaches  more  and  more 
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«tttte  of  neutraJity^  It  onay  even  pass.it^  ahdassuzne  the  jcfaaracters 
of  acids,  as  happens  to  the  peroxides  of  tin  and  antimony. 

lo  what  I  have  said  1  have  supposed  that  oxygen  cojziBauoicates 
Acidifying  properties  to  other  bodies ;  and  J  was  the  better  entitle^ 
io  make  iAm  £upposition,  because,  though  Sir  H.  Davy  thinks  that 
the  chlorates  and  iodates  contain  no  acid,  and  are  triple  compounds 
of  the  metals,  oxygen  and  chlorine  or  iodine,  I  have  demonstrated 
that  they  are  true  salts,  analogous  to  the  sulphates  and  nitrates,  and 
duct  chloric  and  iodic  acids  may  be  obtaxned  in  a  separate  state.  I 
do  not  refuse,  however,  to  chlorine  and  iodine  the  acidifying  pror 
jperty  ;  I  go  even  further,  and  assign  it  to  sulphur,  which  in  my 
ispinion  possesses  it  in  a  high  degree,  to  phosphorus,  carbon,  and 
several  other  (bodies.  I  have  long  considered  an  acid,  in  its  most 
general  acceptation,  as  nierely  a  body  (whether  it  contains  oxygen 
arna)  which  neutralizes  alkalinity;  and  an  alkali  is  merely  a  bodf 
.which  neutralizes  acidity.  Thus  in  the  soaps  the  oil  pecforms  tli^ 
function  of  acid,  since  it  saturates  alkalies ;  and  in  certain  ethers 
the  alcohol  penfonos  the  function  of  an  alkali,  since  it  saturates 
acids.  JSnowiDg  .the  elements  of  hydro-sulphuric  acid  and  am- 
onoDia,  and  the  observattcxis  of  M.  'Berthollet  on  prussic  acid,  we 
iCBiiDOt  refuse  to  admit  that  a  body  may  be  acid  or  alkaline  without 
joootaining  oxygen,  and  consequently  >tfaat  acidity  and  alkalinity  may 
he  xximmunicated  by  ofber  bodies  besides  oxygen.  These  observa- 
tioos,  by  generalizing  our  notions  of  acids  and  alkalies,  have  ren-* 
•deoed  the  definition  of  them  very  imperfect ;  because  acidiqr  and 
alkalinity  are  correlative  terms,  and  one  cannot  be  defined  without 
jacourse  /to  the  otlier.  'The  difficulty  of  tracing  a  limit  between  the 
laeids  <and  alkalies  is  still  increased  when  we  find  a  body  sometimes 
performing  the  functions  of  an  acid,  sometimes  of  an  alkali.  Nor 
49UI  xce  diminish  this  difficulty  by  having  Fecourse  to  the  beautiful 
iaw  discovered  by  JBenzelius,  that  oxygen  and  acids  go  to  the  posi- 
cdre:pole;  and  hydrogen,  alkalies,  and  inflammable  bases,  to  the 
4iegative  .pole.  We  cannot,  in  fact,  >give  the  name  of  acid  to  all  the 
tedies,  which  go  to  the  first  of  these  poles,  .and  that  of  alkali  to 
Aose  dmt^oto  the  second:  and  if  we  wished  to  define  the  acids 
ftiy  bringing  into  view<the:nature  of  their  electric  energy,  it  must  be 
jeen  that  it  would  be  necessary  to  compare  them  with  the  electric 
energy  which  is  opposite  to  them.  Thus  we  are  always  reduced  to 
define  acidity  by  the  iiroperty  which  it  has  of  saturating  alkalinity ; 
diecause  acidity  and  alkalinity  are  two  correlative  and  insaparable 
terms. 

Whatever  definition  of  acid  we  prefer,  we  must  divide  the  acids 
^roto  different  groups,  because  they  do  not  all  derive  their  acid  cha- 
.jacter  fron^  the  same  body.     We  have, 

1.  The  acids  properly  so  called,  in  which  we  may  consider  oxygen 
as  the  acidifying  principle,  and  which  cpntain  only  two  elements* 
jSuch  are  chloric^  iodic,  sulphuric,  sulphurous,  nitric,  r'"^  :- 
phosphoric,  phosphorous,  carbonic,  ^^jaipniCf  boracic,  and 
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a  great  number  of  metallic  o»des,  which  really  possess  the  proper' 
ties  of  acids, 

2.  The  acids-formedhyhydrogenandanolherbody.Tliis  set  com- 
prehends hydro-cliloric,  hydriodic,  and  hydro- sulphuric  acids,  k 
IS  probable  that  in  these  acids  chlorine,  iodine,  and  sulphur,  we 
the  acidifying  principles  ;  but  as  hydrogen  enters  into  them  aH,  [ 
thought  it  better  to  deduce  from  it  their  genera!  nnmc.  These 
different  acids  may  he  distinguished  by  the  name  hydracids.  Among 
this  set  I  conceive  the  numerous  compounds  of  carbon  and  hydro- 
gen, which  possess  acid  properties,  ought  to  be  arranged.  The 
elements  of  some  of  these  compounds,  and  perhaps  of  all  of  them^ 
are  in  the  same  propurtion  in  volume  as  In  the  preceding  adds;  and 
their  molecules  are  doubtless  arranged  In  an  analogous  manner. 

Among  the  vegetable  acids  there  are  several  which  draw  their 
■acid  character  from  osygeu,  because  that  body  is  tjie  greatest  con- 
stituent in  them.  This  is  the  case  with  oicalic  acid.  But  citric, 
saclactic,  and  acetic  acids,  probably  owe  their  acid  characters  to  the 
carbon,  which  they  contain  in  the  greatest  proportion.  We  ought 
to  admit  this  in  particular  in  acetic  add,  which  we  may  conceive  to 
he  composed  of  equal  parts  by  weight  of  carbon  and  water,  or  of 
three  parts  in  volume  of  the  va|xiur  of  carbon  and  two  of  the  vapow 
of  water.*  1  am  likewise  convinced  that  benzoic  acid  does  not  owe 
its  add  properties  to  oxygen,  but  rather  to  the  carbon  and  hydrogen. 
And  I  consider  the  classification  of  vegetable  substances  established 
by  M.  Thenard  and  myself  (Kech.  Physieo-Ch!m,  il,  321,)  as  pre- 
senting exceptions. 

Prussic  acid  ought  without  doubt  to  be  placed  in  a  particular  set, 
though  near  that  of  the  hydracids ;  hut  It  would  be  premature  to 
determine  its  classification  without  knowing  exactly  its  nature. 

Besides  these  dilferent  acids,  chlorine,  which  was  always  reckoned 
among  the  acids,  while  considered  as  a  compound  of  muriatic  acid 
and  oxygen,  ought  still  to  be  so,  though  a  simple  body.  The  same 
thing  may  be  said  of  iodine,  and  of  various  other  simple  liodies, 
which  have  the  property  of  combining  with  alkalies.  Yet  it  appears 
to  me  more  convenient  to  continue  to  class  them  among  the  simple 
lK)dies,  and  to  reserve  the  term  acid  for  the  compound  acids.  But 
it  becomes  necessary  to  divide  these  bodies  into  as  many  sets  as  there 
are  different  generic  characters. 

Though  chlorine  and  iodine  possess  acidifying  properties,  and 
though  they  can  form  acids  by  combining  with  other  bodies,  wc 

•  Thii  eomposilion  nf  ncetic  add  does  nnt  differ  srnslhly  from  that  of  woei^ 
mailer,  whlcb  does  dot  pnsscsa  any  acid  charnCterE.  Uetr,  Ihco,  are  (ho  bodiei 
coRipnicd  of  ciirbod,  oiygfD,  oiid  hydti^en,  in  ihewme  pruporiioni,  nhoie  pro- 
jicrlirs  are  strikinplj  different.  Tliis  Is  a  r.ew  proof  Ihnl  Ihe  arrangemenl  of  the 
molecules  in  aT:uin|ioiind  hai  (he  (rrralnt  influcnre  on  (he  iicid,  nlkalmr,  or  neutral 
eharaclm  of  Ihe  compound.  Sugar,  gum,  and  ilarcli,  lend  ID  the  Bame  cimclU' 
lions  I  for  (Jicie  sulMiancet,  Ibough  cam  posed  of  jdenlic  eleotEnts,  aod  id  itie  sunt 
'Droporlioa,  bi^ve  ver;  diSereoI  ptopertiei. 


ought  not  at  present^  considering  the  smaU  number  of  apids  whlclfai 
they  form,  and  whose  existence  even  Is  not  sufficiently  established^  to 
be  io  a  hurry  to  form  these  acids  into  particular  sets.  We  ought  to 
be  so  the  less  because  there  are  bodies,  as  carbon,  which  sire  acidi- 
fied by  oxygen,  and  which  in  their  turn  acidify  other  bodies.  Be-^ 
sides  these  considerations  which  I  have  offered  on  acidity,  showing 
that  it  is  not  proportional  in  an  acidified  body  to  the  quantity  of  th6 
acidifying  principle,  and  that  it  is  greatly  modified  by  the  arrange- 
ment of  the  molecules,  it  is  necessary  to  wait  till  experiment  na3 
foroxshed  us  with  more  light  before  pronouncing  on  its  true  cha- 
racters, and  on  the  circumstances  which  produce  it.  We  know^ 
indeed,  that  acids  and  acidifying  bodies  have  an  electric  energy 
which  is  negative  with  respect  to  that  of  the  alkalies  and  the  alkali- 
fying  bodies.  But  this  is  not  sufficient ;  and  we  are  still  far  from 
being  able  to  assign  from  the  electric  energies  of  compounds,  if  the 
character  of  their  compound  ought  to  be  neutral,  acid,  or  alkaline. 
Thus  silver  having  a  very  weak  affinity  for  oxygen,  it  would  seem 
tli^at  it  ought  to  approach  it  by  the  nature  of  its  electric  energy ;  and 
yet  the  oxide  of  silver,  in  which  I  have  found  a  small  degree  of 
solubility,  is  very  alkaline,  for  it  completely  neutralizes  the  acids ; 
and  azote,  which  appears  to  approach  oxygen,  chlorine,  and  iodine, 
forms  a  very  weak  compound  with  hydrogen,  though  this  last  pos- 
sesses a  very  great  positive  electric  energy.  We  have  more  and 
more  reason,  then,  to  admit  that  the  neutral,  acid,  or  alkaline, 
character  of  a  compound  does  not  depend  entirely  upon  the  cha- 
racters of  its  constituents,  but  likewise  upoti  their  proportions  in 
volume,  and  their  condensation;  or,  in  other  words^  upon  the 
arrangement  of  their  molecules. 

ADDinONS. 

1  have  said,  vol.  v.  p.  106,  that  on  passing  water  and  iodine  in  vapour 
through  a  porcelain  tube  at  a  red  heat,  no  oxygen  was  disengaged, 
and  consequently  that  the  water  was  not  decomposed  by  the  iodine. 
The  same  experiment  repeated  afterwards  a  second  time  gave  me 
the  same  result,  tliat  is  to  sa^,  that  I  obtained  no  oxygen.  Never- 
.theless,  the  consequence  which  I  drew  from  it  is  not  exact,  as  I  shall 
now  show.  M.  Ampere  having  exposed  during  several  months  a 
flolution  of  iodine  in  water  to  the  action  of  solar  light,  observed  that 
.it  wa.^  entirely  freed  from  colour,  and  requested  me  to  examine  what 
could  be  the  cause  of  this  phenomenon.  We  ascertained  that  the 
water  contained  a  mixture  of  iodic  acid  and  hydriodic  acid  in  very 
small  proportions :  and  on  letting  fall  into  it  some  drops  of  sulphuric 
;acid  or  solution  of  chlorine,  the  water  assumed  an  orange-brown 
colour,  and  gave  out  the  peculiar  odour  of  iodine^  Sulphurous  acid 
did  not  colour  it ;  but  hydro-sulphuric  acid  rendered  it  milky,  on 
.account  of  the  sulphur  which  precipitated.  These  experiments  de 
monstrate  evidently  the  presence  of  hydriodic  and  iodic  acids  in  the 
aolution  of  iodine  under  examination ;  and  we  imitated  it  by  mixing 
together  very  dilute  solutions  of  these  two  acids.    The  only  conse« 
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qiiience  which  we  can  deduce  from  this  fact  !s^  "that  ttater  was  d^ 
composed^  jtts  oxygien  forkued  with  bdihe  iodic  acid^  attd  Hi 
hydrogien  hydriddic  acid.  Bit  the  (juantitjr  of  the  tWo  acids  wUch 
cian  exist  together  in  solution  ilfi  water  is  ^bordinate  to  this  icdhdl* 
tion,  that  when  they  are  ccJncentiated  to  a  certain  degree  th«y  tde^ 
compose  one  another. 

As  vft  cati  in  genieral  substitute  a  certaih  elevation  of  tto})^!^ 
ture  for  solar  lights  I  made  a  niixtore  of  vapoar  of  iodine  and 
water  pass  again  through  a  red-hot  piorcclain  tune,  and  I  attefktfve)]f' 
examined  the  prodncfs.  No  gas  passed  ;  and  the  water  condeAwfiil 
had  the  samie  intensity  of  colour  with  cold  water  saturated  wifll 
iodine.  I  lieated  it,  in  order  to  deprive  it  of  its  colour,  and  1  sac* 
ceeded.  This  water,  which  had  no  smeli,  and  no  acftion  on  Htmun 
any  more  than  the  water  obtained  by  IVI.  Ampfere,  had  Ifti^ise  all 
thfe  characters  of  it,  and  I  easily  recognized  in  k  tte  Jai^sence  bi 
iodic  and  hydriodic  acids.  As  before  being  diftcolddtexl  by  hn^  it 
had  exactly  the  appearance  of  a  cold  solution  of  iodine,  I  thoa^ 
that  both  might  he  similar.  To  verify  this  suispicion,  I  sligm)^ 
heated  a  cold  solution  of  iodine,  in  order  to  deprive  ftrfits  6(mc^ 
hn  effect  wliich  may  equally  be  produced  by  expdsing  ?t  to  the  air.. 
It  then  presented  exactly  the  same  characters  as  a  solution  cflodim^ 
which  had  been  made  colourless  by  long  exposQfe  to  li^ht,  and  as 
that  which  1  had  obtained  by  passing  water  awd  lodkie  tl^mugh  'ft 
red-hot  tuhe,  atid  rendered  colourless  by  boiling.  None  cX  tfaesfe 
solutions  was  coloured  by  sulphurous  acid  ;  but  all  of  theih  Wctfe 
coloured  by  chlorine.  This  is  because,  cfn  the  onfe  hand,  the 
hydriodic  and  iodic  acids  exist  in  them  in  very  small  qnantity ;  an3f 
because  on  the  other  there  is  five  times  a^  miidh  iodine  in  the  *firsl 
acid  as  in  the  second.  I  have,  however,  succeeded  in  rendering  the 
solution  of  the  two  acids  coloured  by  sulphurous  acid,  by  first  satu- 
rating with  ammonia,  and  then  Concentrating  hy  evaporatioh. 

It  follows  from  these  observations  tliat  when  iodine  Is  in  tsotrts^cl 
with  water  it  decomposeis  this  liquid,  and  produces  with  its  ehfrjaellfii 
iodic  and  hydriodic  acids.  Tliis  action  of  iodine  dn  water  appn^at* 
to  hie  entirely  independent  of  the  solar  light :  and  when  a  scnotldh 
of  iodine  is  deprived  of  its  cbldur  by  exposure  to  Tight  for  scnnb^ 
months,  as  in  the  experiment  dfM.  Ampere,  1  iascribe  the  efedt'ta 
the  gradual  evaporation  of  the  iodine.  It  appears  to  me  prdbaMe 
that  iodine  is  dissolved  in  Water  only  by  the  action  of  the  hydriddic 
acid,  which  is  formed  at  the  same  time  iliat  the  solution  takes  phtcib. 
But  I  harve  already  remarked  that  we  do  not  succeed  in  depriving 
hydriodic  acid  holding  iodine  In"  solution  of  its  colour  l)y  boilings 
while  we  easily  do  so  to  Water  which  has  been  in  contact  witfh'thb 
substance,  i  presume  iiM  in  this  last  case  the  iiydriodic  acid  exer- 
cising some  piart  of  its  action  on  the  iodic  acid,  retams  the  iodine 
with  less  energy,  and  of  coui-se  lets  it  be  disengaged  with  more 
facility. 

I  have  ascertained  that  on  exposing  to  light  a  solution  of  chlorine 
'to  w^ter^  "chtoWc  a'dd  Is'produted.        --*-.- 
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MiUiucd  Decomposition  of  the  lodate  and  Hydriodateof  Zinc, 

Id  speaking  of  the  actkm  of  the  alkaline  oiiUdes  on  iodine. hy  tneans 
«f  water,  I  was  led  to  conclude  (vol.  v.  p.  302)  that  if  we  caimqt 
fiiriQ  hydriodates  and  iodates  with  the  oxides  of  zinc,  iron,  &c. 
t}ie  reason  is,  tha^  these  oxides  do  not  sufficiently  condense 
tyt^riodtc  and  iodic  acids  to  prevent  them  from  acting  on  and  4e- 
foipposing  £ach  other.  I  have  since  verified  this  consequence,  by 
gfisii^  iodate  of  potash  with  a  solution  of  sulphate  and  hydriodate 
i^f  fdac.  Though  the  solution  of  these  different  substances  was  nqt 
«)ifficiently  concentrated  to  allow  sulpiiate  of  potash  to  be  deposited, 
,^  ipay  however  adnut,  on  account  of  the  facility  of  the  changes 
<(iat  take  place  in  the  solution  of  dilR^rent  salts,  that  the  pl>enomena 
i)ught  to  he  the  sapie  as  if  w(S  had  mixed  djrectly  hydriodate  of  2inc 
^i^kk  the  iodate  of  th/s  same  metal.  The  result  was,  that  there  gra- 
4u^ly  deposited  in  the  solution  of  these  three  bodies,  oxide  of  zinc 
vhieb  appeared  to  me  pure,  and  iodine  well  crystallized,  and  the 
^iq^ioa  which  contained  hydriodate  of  zinc  in  excess  was  very 
siyrpQg^y  c^oloifred.  These  results  can  only  be  explained  by  supposing 
ligiyt  the  acid  of  die  hydriodate  of  zinc,  and  that  of  the  iodate  of 
the  same  metal,  supposed  to  exist  in  the  solution,  have  mutually 
^epmposed  eadi  other,  and  produced  water  and  iodine,  and  that 
ikft  oxide  qS  jsinc  held  in  solution  by  these  acids  precipitated  after 
their  destruction. 

On  the  Nomenclature  of  the  Combinations  of  Iodine  and  Chlorine 

with  other  Bodies. 

It  may  be  asked  why,  instead  of  calling  the  compound  of  iodine 
and  potassi<jm  ioduret  of  potassium,  I  did  not  call  it  potassuret  of 
iodine.  I  observe,  in  the  first  place,  that  the  <;ombinations  of  sul- 
phur with  the  metals  having  the  name  of  sulphnretSj  those  of  chlo« 
fine  and  iodine  ought  from  analogy  to  receive  the  names  of  chlo' 
rwrets  and  iodurets.  But  to  apply  in  general  with  certainty  thai 
generic  termination  uret^  I  have  ts^^n  for  a  principle  to  give  it  to 
that  of  the  elements  of  a  binary  compound  which  has  the  greatest 
affinity  for  hydrogen,  and  which  combines  with  it  wl>en  the  com- 
pound produces  the  decomposition  of  water.  According  to  this 
principle,  1  call  the  compounds  of  chl(M:ine  with  sulphur  and  azote, 
cbloruret  <f  sulphur^  chkruret  of  nxote ;  those  of  iodine  with  a^ote 
ajgtf}  potassium,  ioduret  of  azote^  ioduret  of  potassium ;  chloruret  of 
iodine^  the  compound  of  chlorine  and  locline ;  and  sulphuret  of 
ccarbon,  ioduret  of  phosphorus,  the  combinations  of  sulphur  witk 
carbon  and  iodine  with  phosphorus. 

On  Amrmmia  considered  as  an  Oxide, 

Dr.  Berzelius  has  concluded  from  hip  *">''^arches  that  ammonia 
<*ontains  oxygen,  because  in  its  comb"  th  acids  it  follows 

the  same  law  as  the  metallic  oxides.  .  ision  is  not  neces- 

eary ;  for  from  the  obserrations  whid  '   "vgl  ^)&&sivv\& 
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in  general  a  substance  which,  by  the  nature  of  its  energy,  and  the 
arrangeincnt  of  iis  molecuks,  is  cajiable  of  combining  with  acids, 
And  of  neutralizing  them.  I  have  observed,  likewise,  that  we  ought 
to  consider  azote  as  approaching  by  its  properties  the  nature  of 
oxygen,  chloriiie,  iodine,  and  thai,  like  them,  it  may  acidify  a  cer- 
tain class  of  bodies.  But  all  acidifying  sulistances  may,  as  well  as 
oxygen,  when  they  cpmbine  with  atkalifying  substances  in  proper 
proportions,  form  salifiable  bases.  Of  course,  ammonia  ought  to 
be  considered  as  a  particular  alkali,  in  which  azote  performs  the 
function  of  oxygen  in  the  other  alkalies.  I  consider,  in  the  same 
way,  carljon  in  fatty  bodies,  and  particularly  in  the  margarine  of 
CheVreuil,  as  performing  the  function  of  oxygen  in  the  acids;  and  I 
consider  it  in  alcohol  as  performing  the  function  of  oxygen  in 
the  oiiides,  1  shall  observe,  that  since  the  printing  of  the  article  in 
which  1  treat  of  hydriodic  etlier,  1  liaye  ascertained  the  density  of 
its  vapour,  and  found  that  it  does  not  coincide  with  that  given  by 
calculating  on  the  supposition  tliat  the  ejher  is  a  compound  of  the 
vapour  of  absolute  alcoliol  and  hydriodic  acid.  As  tlie  same  thing 
holds  with  hydro-chloric  ether,  the  density  of  which  found  by  expe- 
riment is  diHi^rent  from  that  found  by  calculating  it  as  a  compound 
of  the  vapour  of  absolute  alcohol  and  hydro-chloric  acid  j  it  apjiears 
to  me  very  probable  that  the  alcoliol,  wiiiph  pnay  be  considered  as 
composed  of  equal  volumes  of  the  vapour  of  water  and  olefiant  gas 
condensed  into  one  volume,  changes  its  nature  on  combining  with 
(he  acids.  I  hope  to  be  able  to  throw  light  on  this  subject  in  ft 
nieinoir  on  vapours,  which  I  propose  soon  to  publish. 
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Article  VI. 

^  Expprimenti  en  Tungilen,  and  itf  ComlinaiioTts  with  Oxygen,  Am- 
moiiia,  and  other  Suhiances,  to  detervime  the  Acmra^/  of  pre- 
ceding Researches,  and  to  promote  our  Knowledge  of  this  Sab- 
stance.    By  Professor  Bucholz.* 

Introduction. 
Some  time  has  elapsfd  since  I  formed  the  resolution  of  mabing  a 
set  of  experiments  on  tungsten,  its  qxides,  and  their  combinations, 
in  order  to  verify  the  accuracy  of  preceding  researches  on  this  sub- 
stance, and  in  order  to  promote  our  knowledge  of  its  nature  and 
properties.  1  was  in  a  situation  to  make  these  experiments  in  con- 
sequence of  a  eonsidi;rab!e  stock  of  wolfrmn  apd  Scheele's  lungstic 
acid  with  which  I  was  furnished,  and  for  wliich  I  have  chiefly  to 
thank  ibe  goodness  of  my  friend  Dr.  Haberle.    This  resolution  was 
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rendered  still  strQoger  in  consequence  of  a  conversation  which  I  had 
with  the  celebrated  naturaUst  Prcrfessbr  Steflfens^  of  Halle,  who 
leemed  to  doubt  the  accuracy  of  the  stateiQents  respecting  the  great 
qiecific  gravity  of  tungsten.  The  following  dissertation  contains 
my  experiments  and  their  results  as  far  as  the  time  I  had  would  allow 
ne  to  follow  them  up.    The  continuation  of  tjiem  will  follow. 

(A.) 

Eiperimenis  an  the  lest  Method  offommig  Tungstk  Acid,  or  rather 

Tungstate  of' Ammonia. 

As  my  object  in  these  experiments  was  in  the  first  place,  for  very 
obvious  reasons,  directed  towards  the  reduction  of  tungsten,  and  as 
I  wanted  to  verify  the  statement  of  Allen  and  Ajkin  that  thb  metal 
may  be  fully  melted  by  the  application  of  a  violent  heat  to  tungstat« 
of  ammonia,  on  that  account  my  first  care  was  to  discover  a  conve- 
nient method  of  obtaining  a  suflicient  quantity  of  tu](igstate  of  am* 
monia.    It  was  quite  natural  to  try  in  the  first  place  Scheele's  tung^ 
'  Stic  acid,  composed  of  oxide  of  tungsten,  potash,  and  muriatic  acidj 
because  I  had  a  considerable  stock  of  it  in  my  possession. 
•   Exper.   ]. — ^With  a  view  to  the  statement  of  several  chemists, 
who  affirm  that  in  order  to  form  pure  tungstate  of  ammonia  it  is 
necessary  to   separate  the  pure  yellow  oxide  of  tungsiien,  from 
Scheele's  tungstic  acid  by  digestion  in  nitric  acid,  I  made  the  fol- 
bwing  experiment : — ^IVo  ounces  of  the  triple  compound  x)f  tung- 
stic oxide,  potash,  and  muriatic  acid,  were  triturated  with  eight 
ounces  of  pure  nitric  acid  of  the  specific  gravity  1*200  ;  and  being 
put  into  a  glass  vessel  capable  of  holding  16  oz.  of  water,  were 
i)oiled  for  six  hours,  and  during  that  time  were  frequently  agitated. 
This  process  was  very  difficult,  because  the  salt  and  oxide  settling 
at  the  bottom  of  the  vessel  occasioned  a  continual  knocking  of  the 
vapour,  and  by  that  meaos  the  acid  was  sputtered  about  Tbe  oxide 
obtained  by  this  process  was  very  light  yellow,  without  the  least 
shade  of  lemon.    This  entitled  me  to  concliide  that. the  triple  jalt 
had  not  been  completely  decomposed.    To  obtain  a  more  complete 
decomposition,  the  whole  was  poured  into  a  porcelain  dish,  and 
evaporated  on  the  sand-bath  to  the  consistence  of  a  syrup,  being 
constantly  stirred  during  the  whole  process  by  a  porcelain  spatula. 
The  whole  was  then  diluted  with  12  oz.  of  water,)  &nd  after  re* 
maining  at  rest  for  24  hours,  the  milky  solution  was  separated  from 
the  heavy  yellow  oxide.    This  oxide  was  treated  ir  tne  same  way 
again  in  the  porcelain  dish  with  6*  oz.  of  nitric  acid.     The  oxide 
obtained  in  this  manner,  and  three  times  washed  witn  '>  oz.  of  water, 
was  considered  by  me  as  pure.   When  dried,  and  heated  to  redness, 
it  assumed  a  light  yellow  colour,  and  weighed  13  drams.     Aftet 
several  weeks,  90  gr.  of  the  same  oxide  precipitated  from  the  milky 
liquid. 

With  this  oxide  the  following  experiment  was  made. 

Exper.  2.— 300  gc  of  the  tungstic  oxide  which  had  heen  heated 
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tore^ne^,  arid  Was  of  tt  light  lenion^yetlow  eedcHvr,  ^tere  digiesrt^d 
Ibr  e^oftie  time  wkh  a  Wilriii  sohition  of  couceRtrated  caustic  afn- 
monia.  Ih  about  an  hour  the  miKtare  was  raised  td  the  boiling 
temperature ;  but  I  did  ilot  by  this  means  obtain  a  complete  solu- 
tioft.  "The  hiixture  Was  altovred  ta  remain  fit  rest  for  sonrfe  tim^  ^ 
'  and  bf  i\vai  uhlans  the  liquid  wM  di^sfrated  from  the  undissolved 
yellowish-grey  oxide,  and  carefully  evaporated  in  a  porcelain  bason, 
By  this  means  I  obtained  A^  gr.  of  a  pea-coloured,  foliated,  brilliant 
ilrtass,  easily  separated  from  the  porcelain  vessel,  and  possessing  a 
hot  bitter  taste.    It  was  tungstate  of  arti monia. 

This  result  was  quite  contrary  tb  my  expectation,  and  to  the 
^ssi;rtion  of  other  chemists,  according  to  whom  pure  tungstie  ojtide 
is  very  easily  sohrble  in  ammonia.  This  required  a  further  exami« 
tetioQ  of  the  residuoiti  which  was  msoluble  in  ammonia. 

Eosper*  3. — ^This  re^rduuitt  Was  treated  with  8  Oz.  of  caustic  am- 
rH&tiiiii  in  the  Same  manner  as  abov6  telated;  after  which  the  liquid 
part  wais  separated  frbiU  the  solid  powder,  which  still  had  a  very 
grey  appearance.  By  evaporalidn  the  s6iution  deposited  only  27  gf. 
of  a  salt  having  th<i  ^ame  colour  as  in  the  preceding  experiment^  of 
t  pcffv^rulem  appearance,  and  hating  a  sharp  bitter  taste. 

Eafpet.  4. — As  I  conjectured  that  the  tdngstic  o»idc  was  some-^ 
#hfft  deoxidized  fey  the  ammonia,  ami  ihertby  irndered  grey,  I 
tried,  by  exposing  it  to  k  tti  heat,  to  bring  this  oxide  back  to  its 
origmal  st^e,  and  to  obtain  a  greater  proportion  of  it  dissolved  id 
ammonia.  1  found  that  by  this  treati^nt  the  grey  oxide  agaitl 
teumed  a  yeltow  colour,  and  amounted  nfow  to  ofAy  230  gr.  With 
<his  powder  the  following  experiment  was  made. 

Estpet.  5. — 100  gr.  of  the  same  oxide  wete  mixed  with  4  oz.  0f 
cfatistic  ammonia,  and  the  mixture  was  digested  for  12  hours  in  a 
,  teiy  moderate  beat,  being  often  agitated  during  the  digestion.  The 
liquid  part  was  then  allowed  to  separate  from  the  undissolved  pinr* 
ttofi,  and  decanted  off.  This  solution  by  evaporation  yielded  55  gr. 
^  a  white  powder,  which  had  a  hot  and  bitter  taste,  and  possessed 
the  properties  of  tungstate  of  atnmonia.  The  yellowish-grey  colour 
of  the  undissolved  residuum  showed  that  even  in  this  case,  notwith- 
WifMring  the  very  moderate  heat  of  the  ammonia,  a  commencement 
of  deosidation  had  taken  place. 

"  Etxfper.  G. — The  solid  residue  of  the  preceding  experiment  was 
titeatea  in  the  same  way  once  more  with  4  oz.  of  caustic  ammonia, 
iind  the  liquid  portion  sepatated  from  the  undissolved  powder,  which 
had  a  light  grey  colour.  This  solution,  when  evaporated,  gave  II 
gr.  of  a  pea-yellow  pbivder,  which  was  tungstate  of  ammonia,  and 
possessed  the  same  taste  fes  that  obtained  in  the  preceding  experi- 
iktents.  I  could  not  in  this  ckse  determine  the  quantity  of  matt^ 
that  had  remained  undissolved,  because  a  portion  of  it  bad  been 
lost. 

The  result  of  these  experiniiients  sirows  us  that  our  tungstie  oxide, 
after  being  exposed  to  ^  red  h^t,  is  vrifh  difficulty  soluble  in  caiBtip 
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mraionia,  and  that  by  Ibe  action  of  that  alkali  it  wodergoes  a  partial 
deoxidizement.  I  resolved,  therefore,  to  make  experiments  on  the 
solubility  of  our  oxide  in  carbonate  of  aoinionia. 

Exper.  7* — 100  gr.  of  the  oxide  rendered  yellow  in  experiment 
4th  were  heated  with  a  mixture  of  half  an  ounce  of  aubcarbonate  of 
ammonia  and  2  oz.  distilled  water,  and  the  mixture  was  frequently 
agitated.  A  few  air  bubbles  made  their  escape.  The  wliole  being 
kept  almost  boiling  hot  for  two  hours^  the  undissolved  powder  in 
this  case  abo  became  grey. 

The  clear  solution  deposited  on  evaporation  66  gr.  of  tungstate 
of  ammonia,  having  a  white  colour,  a  sharp  and  bitter  taste,  and 
not  effervescing  when  dropped  into  muriatic  acid ;  showing  that  it 
contained  no  carbonic  acid.     The  dried  residue  weighed  48  gr. 

Exper.  8. — The  48  gr.  of  residue  in  the  preceding  experimeBt 
were  kept  in  a  red  heat  for  an  hour  in  contact  with  the  atmosphere* 
By  this  treatment  it  again  assumed  a  light  lemon-yellow  cokMSf. 
35  gr.  of  it  were  mixed  with  half  an  ounce  of  subcarbonate  of 
ammonia  and  2  oz.  of  water,  and  the  mixture  was  agitated  for  sottie 
hours,  being  kept  warm  all  the  time.  A  lively  effervescence  took 
plaee  at  first,  ^fhe  wliolc  was  then  gently  boiled  for  one' hour,  and 
the  liquid  portion  separated  from  the  grey  oxide  by  the  filter.  By 
erap(>rating  the  liquid,  20  gr.  of  a  light  reddish-grey  powder  were 
obtained,  which  had  a  sharp  bitter  taste.  The  undissolved  grey 
exide  weighed  18  gr. 

From  these  experiments  with  subcarbonate  of  amtt)om'a,  we  see 
that  there  exists  the  same  difficulty  of  solution,  and  the  same  de- 
oxidizement, when  tungstic  oxide  is  treated  with  carbonate  of  am- 
monia. But  as  these  experiments,  as  v^ll  as  the  preceding,  with 
caustic  ammonia,  contradict  those  of  other  chemists,  as  Scbeele^ 
Bergnran,  Klaproth,  Richter,  &c.  respecting  the  solubility  of  tung- 
stic oxide  in  ammonia,  I  conceived  that  further  experiments  were 
Becessary  in  order  to  clear  up  this  discordance. 

Expef,  9. — A  small  portion,  therefore,  of  tungstate  of  ammaaia 
was  converted  into  yellow  oxide  of  tungsten  by  digestion  in  concen  ^ 
trated  muriatic  acid,  washing  it  in  a  sufficient  quantity  of  water^ 
and  drying  it  strongly,  but  without  exposing  it  to  a  red  heat.  10  gr, 
of  this  oxide  were  mixed  with  two  drams  of  the  solution  of  caustic 
amtBonia.  The  whole  was  dissolved  immediately  without  the  assist- 
ance of  heat.  The  old  observations  of  preceding  chemists  were 
confirmed  by  this  experiment. 

Exper.  10. — In  order  to  obtain  a  larger  quantity  of  tungstie  oxide 
not  dried  in  a  red  heat,  and  therefore  soluble  in  ammonia,  3  oz.  of 
Scheele's  tungstic  acid  were  kept  boiling  for  an  hour  in  6  oz.  of  the 
same  nitric  acid  which  1  employed  in  the  preceding  experiments  in 
a  porcelain  dish  upon  a  sand-bath,  and  during  the  whole  time  the 
mixture  was  constantly  stirred  with  a  por  ^"^tle.    The  whole 

was  then  evaporated  to  dryness  in  a  t  leat*     The  oxide 

obtained  by  this  process  was  of  a  full  lei  <K>lour.    A  por- 

tion of  this  being  '  '  with  water^  \  Vi^is^^^ 
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immediately  in  ammoniu,  with  the  exception  of  a  very  ^mall  portion 
of  a  light  wbite  substance  in  powder. 

This  success  excited  iu  me  the  strongest  hopes  of  succeeding  in 
iiiy  objeet  by  this  method,  and  led  me  to  suspect  ibat  in  all  proba- 
biJity  the  tungstic  oxide  bud  been  rendered  insoluble  in  ammonia 
by  esposing  it  to  a  red  heat.  1  resolved  to  prove  the  truth  of  this 
ooDJecture  in  the  following  way. 

The  tungstic  oxide  obtained  by  the  preceding  process  was  welt 
washed  twice  successively,  each  time  with  24  o/..  of  water,  and  by 
that  means  freed  from  the  saltpetre  formed  during  the  process,  and 
from  llie  excess  of  acid,  and  obtained  in  a  state  of  purity.  Wheu 
collected  on  the  filter,  and  well  dried,  it  weighed  2  oz.  2  dr.  The 
liquid  retained  a  portion  of  oxide  so  light,  and  in  a  state  ot  sucli 
fine  division,  that  it  could  not  be  retained  upon  the  filter,  but  passed 
through  it  how  many  limes  soever  it  was  filtered.  This  yellowish 
millcy  liquid,  being  set  aside  for  three  months,  allowed  the  oxide 
gradually  to  subside.     When  collected  and  dried,  it  weighed  2  dr. 

IgT. 

With  this  oxide,  which  had  a  lemon-yellow  colour  passing  into 
yolk  of  «gg  colour,  the  following  experlraenis  were  made,  in  order 
to  determine  its  solubility  in  caustic  ammonia. 

Exper.  11. — ^Two  ounces  of  pure  caustic  ammonia,  of  the 
strength  which  it  has  when  prepared  according  to  the  formula  given 

,  by  mc  in  the  Almanac  for  Chemists  and  A]X)thecaries  of  180;}, 

.  p.  20,  were  put  in  contact  with  tlie  whole  of  our  dry  tungstic  oxide. 
1  oz,  and  20  gr.  dissolved  in  the  ammonia,  or  were  at  least  coo- 
verted  into  a  white  pulverulent  matter. 

From  the  phenomena  it  was  evident  that  a  much  greater  propor- 
tion of  the  oxide  would  have  dissolved,  or  been  converted  into  a 
white  powder,  by  ihe  quantity  of  ammonia  employed,  more  pro- 
bably than  all  that  1  had  in  my  possession.  I  determined,  therefore, 
to  ascertain  in  another  experiment  upon  a  smaller  scale  the  capacity 
of  ammonia  in  dissolving  tungstic  oxide,  or  converting  it  into  & 
white  powder. 

In  the  mean  time  I  separated  by  the  filter  the  while,  light,  slimy 
matter,  which  existed  in  the  ammoniacal  solution,  tt  was  washed 
on  the  filter  with  ^  oz.  of  caustic  ammonia,  and  then  dried.  Its 
weight  amounted  to  BO  gr.  It  exhibited  the  properties  of  a  qua- 
druple compound  of  ammonia,  potash,  tungstic  oxide,  and  mutiatic 
acid,  whh  some  oxide  of  iron  and  silica  from  which  the  tungstic 
oxide  had  not  been  freed.  The  ammoniacal  solution  was  evaporated 
to  dryness  in  a  porcelain  vessel.  300  gr.  of  tungstate  of  ammonia 
were  obtained,  though  by  au  unlucky  accident  a  third  part  of  the 

.  colulion  had  been  Inst. 

Eiper.  12. — 50  gr.  of  a  solution  of  caustic  ammonia  were 
brought  in  contact  whh  80  gr.  of  oxide  of  tungsten.  The  mixture 
became  stiB';  and  it  was  with  difficulty  that  some  remains  of  the 
yellow  oxide  could  be  perceived  mixed  with  the  white  mass,     ^y 

gg'mitoQ  ia  a  considerable  quunlity  of  water,  and  still  beUer.by.t^ 
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addition  of  a  little  ammonia,  this  petition  is  dissolved.  This  solu- 
tion being  poured  upon  a  filter,  12  gr.  of  a  white  matter  were  ob-? 
taiDed,  similar  in  its  nature  to  the  :$ubstance  described  in  the.  last 
experiment.  The  ammoniacal  solution,  being  evaporated,  yielded 
83  gr.  of  dry  tungstate  of  ammonia. 

Exper.  13. — A  portion  of  the  yellow  oxide  of  tungsten  which 
had  not  been  heated  to  redness  was^  kept  for  half  an  hour  in  a  mo- 
derate red  heat,  by  which  its  colour  was  changed  into  light  yellow. 
'60  gr.  of  this  oxide  being  agitated  with  1  oz.  of  caustic  ammonia  ^ 
exhibited  the  same  phenomena  as  the  oxide  did  in  the  1st,  2d,  3d, 
4th,  5th,  6th,  and  7^^,  experiments;  that  is  to  say,  it  dissolved 
with  difficulty,  and  when  heated  became  grey. 

From  these  last  experiments,  compared  with  the  preceding  ones, 
we  may  consider  the  following  propositions  as  established  :  — 

1.  That  the  difficult  solubility  in  ammonia  of  the  oxide,  after  it 
has  been  heated  to  redness,  is  owing  to  a  portion  of  the  triple  com- 
pound of  oxide,  potash,  and  muriatic  acid,  which  still  remains  un- 
decomposed,  entering  into  an  intimate  combination  with  the  pure 
oxide,  the  parts  of  which  cohere  so  strongly  together,  that  the  am- 
monia makes  its  way  through  them  with  difficulty  in  order  to  dis- 
solve the  pure  oxide. 

2.  That  when  the  triple  compound  of  yellow  oxide,  potash,  and 
muriatic  acid,  is  treated  with  nitric  iicid,  only  an  imperfect  repara- 
tion of  the  potash  and  muriatic  acid  is  produced ;  so  that  a  pure 
yellow  oxide  of  tungsten  cannot  be  obtained  by  this  method.  Thiv 
will  appear  hereafter  in  a  still  more  striking  point  of  view,  from 
other  experiments  which  I  shall  state.  Among  others,  Itreated  the 
triple  compound  six  times  successively  with  eight  times  its  weight 
of  nitric  acid,  and  yet  I  was  not  able  to  obtain  any  pure  oxide.  A 
result  by  which  the  experiments  of  other  chemists,  particularly  of 
Richter,  are  confirmed.  * 

Perhaps  the  formula  given  by  the  last- mentioned  chemist  for 
obtaining  pure  oxide  of  tungsten  from  wolfram,  might  be  employed 
with  advantage,  when  once  it  has  been  established  by  further  expe- 
riments that  we  obtain  by  it  an  oxide  really  free  from  lime.  This  I 
expect  to  be  able  to  prove  hereafter. 

Richter's  process  is  contained  in  the  sixth  volume  of  the  Chemical 
Dictionary  of  Bourguet  continued  by  Richter,  p.  188,  and  is  as 
follows  :~One  part  of  wolfram  in  fine  powder  is  melted  with  three 
or  four  parts  of  nitre,  till  the  mass  flows  quietly.  The  potash  Con- 
taining tungstic  oxide  thus  obtained,  which  may  likewise  be  obtained 
by  my  method,  by  fusing  one  part  of  wolfram  and  two  parts  car- 

'  bonate  of  potash,  is  dissolved  in  12  or  15  times  its  weight  of  water, 
and  freed  by  filtration  from  the  oxides  of  iron  and  manganese.  The 
colourless  solution  is  now  mixed  ~ry  weak  solution  of  mu- 

riate of  lime,  which  isaddedri  v  precipitate  falls.    The 

tungstate  of  lime  thus  obtainhs  washed,  and  treated 

while  still  moist  ^*^^  nitric  at  '  this  meatv&  iVnr. 

*  iPfide  of  taag$tf*  t  fim  ksl^^  vol  "^  ^^a^^ 
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of  purity.    It  is  to  be  washed,  and  gently  driedj  tipoil  which  it 
assumes  a  fine  yellotr  colour. 

3.  In  order  to  obtain  pure  tungstate  of  ammonia,  it  is  necessArj^ 
lo  bare  in  our  possession  pure  oxide  of  tungsten.  Respecting  thia 
also  further  details  will  be  given  hereafter. 

(B.) 

Experiments  on  the  lest  M^ikod  of  obtaining  Tungsten  from  Tung'- 
Stic  Oxide  ly  means  ofTungstate  of  Ammonia. 

Exper.  14. — SO  gr.  of  the  tungstaite  of  ammonia  formed  in  the 
first  experiment  by  treating  the  impure  oxide  of  tungsten  that  ha4 
been  exposed  to  a  red  heat  with  ammonia  were  put  into  a  smM 
glass,  which  was  placed  in  a  crucible,  and  surrounded  with  charcoal 
powder.  The  whole  was  exposed  for  an  hour  to  a  strong  red  heat* 
The  interior  of  the  glass,  when  cold,  exhibited  a  brownish  red, 
almost  copper-^coloured,  matter,  of  a  flocky  appearance,  and  conr* 
fiideraUy  i^>ecific  gravity.  I  could  only  consider  it  as  a  peculiar 
oxide  of  tungsten,  which  hitherto  had  not  been  observed  by  che^ 
mists. 

The  brown  oxide  thus  obtained  was  put  into  a  Hiesslan  crucible 
rubbed  over  with  some  charcoal  powder.  Charcoal  powder  was  laid 
over  the  oxide,  and  the  crucible,  being  covered  by  another,  was 
exposed  for  half  an  hour  to  a  strong  white  heat  raised  by  a  double 
bellows.  When  the  crucible  was  cold,  the  brown  oxide  appeared 
to  have  been  converted  into  a  loose  pretty  heavy  substance,  which 
here  a,nd  there  exhibited  the  metallic  lustre,  and  had  an  iron-grey 
eolouT.  When  strongly  rubbed  and  polished  against  hard  and 
smooth  bodies,  its  metallic  lustre  became  still  more  distinct,  and  its 
colour  was  intermediate  between  that  of  iron  and  tin.  The  grains 
were  slightly  agglutii^ted  together,  and  the  portion  that  lined  tlia 
sides  of  thQ  crucible  appeared  to  be  so  more  distinctly  than  the  rest. 
This  reguline  mass  seemed  to  have  been  softened,  and  sliowed  evi- 
dently that  a  stronger  heat  than  the  preceding  would  have  melted 
it  completely.  To  see  whether  it  was  possible  to  fuse  it,  the  (qU 
lowing  experiment  was  made. 

Exper,  15. — 20  gr.  of  the  iron-grey  metal  mass  were  put  into  a 
crucible  lined  with  charcoal  powder,  as  in  the  preceding  experi- 
metit,  covered  with  a  layer  of  charcoal  powder  half  an  inch  thick, 
an'd  then  exposed  for  an  hour  to  the  strongest  heat  that  could  be 
raised  in  tlie  blast  furnace.  No  real  fusion  took  place,  but  a  kind 
of  cementation  into  a  mass  which  was  easily  reduced  to  powder,  and 
this  union  seemed  to  be  strongest  along  the  sides  of  the  crucible. 
The  colour,  appearance,  and  every  thing  else,  were  as  in  the  prer 
ceding  experiment. 

it  follows  from  these  experiments  that  tungstate  of  ammonia, 

when  destro3ised  by  a  red  heat,  leaves  behind  it  a  reddish  brown 

pxide,  and  that  this  oxide  is  deoxidized  by  charcoal  powder  long 

before  the  metal  produced  is  melted. 

JSa^er.  JS.'^ISO  gr.  of  tungstate  of  uamo(x\a.  oC  t]^^^  same  kind 
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as  that  employed  in  the  preceding  cx|>erifljctits,  were,  «s  in  expeii- 
toent  14,  exposed  to  a  strong  red  heat  for  an  hour  in  a  glass  snr- 
rounded  with  charcoal  in  a  crucible.  The  result  differed  little  from 
tha^  obtained  in  the  I4th  experiment.  The  mass  which  remainetl 
behind  after  the  process  weighed  100  gr.,  and  had  the  follownig 
properties.  When  spread  upon  a  leaf  of  paper,  that  portion  <rf  it 
which  had  been  in  contact  with  the  charcoal  appeared  grey  or  me- 
tallic, in  the  middle  it  was  dark  browpish  red,  passing  into  reddish 
brown,  and  almost  the  fourth  part  of  the  mass  was  of  a  line  violet 
colour  below,  owing  probably  to  a  mixture  of  dark  blue  and  brownish 
red  oxide. 

88  gr.  of  this  mass,  or  as  much  as  the  portion  of  brown  oxide 
atBOunted  to,  were,  as  in  the  I4th  experiment,  rammed  into  a 
small  Hessian  crucible,  and  exposed  to  the  strongest  beat  of  a  blafit 
furnace  for  an  hour  and  a  half.  The  result  of  this  operation  was  as 
foHows.  The  oxide  of  tungsten  was  completely  reduced,  bu^was 
ttot  in  the  state  of  a  button,  or  in  large  grains,  but  in  smrfl  grains^ 
as  fine  as  sand,  having  a  strong  metallic  lustre,  a  light  iron-grey 
colour,  and  slightly  agglutinated.  The  weig'ht  amounted  to  75  gr. 
A  few  pieces  of  a  larger  size  were  to  be  found  among  this  sand ; 
they  consisted  of  the  portions  that  had  adhered  to  the  sides  and 
bottom  of  the  crucible. 

The  metal 'obtained  by  this  process  possessed  the  following  pro^ 
perties.  When  strongly  rubbed  upon  a  hard  and  smooth  b^y,  it 
^sumed  a  strong  metafllic  lu^e,  and  appeared  very  hard  and  brittle. 
21 1-  gr.  of  this  substance,  composed  of  grains  more  or  less  agghitb- 
iiated  together,  and  of  the  size  of  pin  heads,  were  weighed  in  the 
usuarl  way  in  distiHed  water,  and  the  specific  gravity  was  found  to  . 
*be  17**tOO,  This  result  is  intermediate  between  the  specific  gra- 
vity of  tungsten  as  stated  by  the  Elhuyarts,  namely,  l'J*€O0;  and 
by  Allen  und  Aiken,  namely,  17*200.  It  leaves  no  doubt  respecting 
the  great  'specific  gravity  of  this  metal. 

Partly  to  ascertain  these  facts  with*  still  greater  accuracy,  anfl 
jpattly  to  obtain  a  greater  quafntlty  of  tungsten  in  the  metallic  state 
TOT  further  experiments,  and  lastly  to  put  the  properties  of  tan^tdte 
tof  ammonia  in  the  fire,  and  the  nature  of  the  oxide  which  it  leaved 
beyond  doubt,  the  following  experimrents  were  made. 

Etper.  l7i-*-200  gr.  of  tungstate  of  ammonia,  which  bad  beet 
Dbt^ined  from  oxide  of  tungsten  not  heated  to  redness  in  th^ 
inamier  described  in  experimenft  10,  were  put  into  a  ismall  glass, 
^hich  Was  ptrt  into  a  crucible,  and  exposed  to  a  strong  red  heaft  fdr 
half  an  hour.  The  o/xide  was  not  covered  with  any  charcoal 
^wder.  By  this  process  the  upper  portion  of  the  glass  was  mehed. 
The  oxide  obtained  had  a  dark  greyish  blue  colour^  almost  slaite^ 
trtue,  and  had  in  some  tct  ^«»3sumed  a  crystalline  appearance. 

It  Weighed  17S  gr.         * 

These  173  gr.  werelfi  ^  h crucible  lined  with  cfaaronal 

powder,  and  covered  W7  roal  powder  one  finger 


I 
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thick.  Tills  crucible  was  enclosed  in  a  larger  one,  and  both  were 
covered  by  a  thifd  crucible.  In  this  slate  ibey  were  exposed  for  an 
hour  and  a  bnlf  to  the  strongest  heat  of  a  blast  furnace.  The  result 
appeared  to  me  very  surprising.  The  whole  contents  of  the  crucible, 
with  a  poriion  of  the  vessel  itself,  were  melted  into  a  slag. 

This  surprising  result,  the  cause  of  which  requires  to  be  cleared  up 
by  further  experiments,  was  probably  owing  lo  a  portion  of  the  triple 
compound  of  oxide  of  tungsten,  potash,  and  muriatic  acid,  which 
not  having  been  exposed  tu  si  red  heat,  was  soluble  in  ammonia,  and 
therefore  was  present  in  our  tungstate  of  ammonia.  Tins  was  not 
the  ca^c  in  the  lirst  experiments,  because  the  sail  had  been  prepared 
from  an  oxide  exposed  to  a  red  heat,  and  was  therefore  free  from 
ihij  triple  compound.  Hence  the  pure  oxide  was  reduced,  and 
gave  us  the  good  results  which  have  been  above  described. 

Exptr.  IB. — 200  gr.  of  the  same  tungstate  of  anamonia  were 
Itept  in  a  weak  red  heat  in  a  long  small  glass  vessel  placed  in  a  cru- 
cible, till  the  ammonia  was  completely  dissipated.  The  mass,  when 
eoid,  weighed  134  gr.,  and  had  the  following  properties.  Its  colour 
was  light  gieenish  yellow,  and  was  in  the  state  of  a  scaly  powder, 
which  dissolved  readily  in  caustic  potash  with  the  assistance  of  heat, 
without  the  evolution  of  any  ammonia.  The  129  gr.  of  ibis  powder 
that  remained  were  exposed  for  an  hour  to  a  strong  red  Iieat,  which 
melted  the  glass  in  which  the  oxide  was  contained.  Its  weight  was 
reduced  to  V2\  gr.,  and  it  exhibited  the  following  properties.  The 
uppermost  layer  had  a  dark  greyish  blue  colour,  which  always  be- 
came more  and  more  grey  as  we  came  nearer  the  bottom,  and  ap- 
peared to  crystallize  finely  in  stars.  At  the  bottom  of  the  glass  itself 
there  was  a  bard  whitish  grey  mass,  which  from  its  weight  I  was  dis- 
posed lo  consider  as  tungsten  reduced  to  the  metallic  stale.  To 
obtain  satisfactory  information  respecting  this  point,  I  mean  the 
possibility  of  reducing  tungsten  wiiliout  the  assistance  of  charcoal, 
or  any  body  containing  hydrogen;  the  121  gr.  were  reduced  to  a 
fine  powder,  and  crammed  into  a  crucible  lined  with  charcoal, 
covered  with  charcoal  powder,  and  exposed,  as  in  the  preceding 
experiments,  for  an  hour  to  the  most  violent  heat  that  could  be 
raised  in  a  blast  furnace.  The  result  was  as  follows.  The  oxide  had 
partly  sunk  through  the  crucible,  and  was  partly  melted  into  a 
porous  grey  substance,  with  not  the  least  appearance  of  a  regulus. 

Tliese  results  leave  us  to  conjecture  how  they  happened.  They 
Were  beyood  all  doOht  owing  to  the  presence  of  a  portion  of  the 
triple  compound  of  oxide  of  tungsten,  potash,  and  muriatic  acid, 
U  was  the  case  in  the  preceding  experiments. 

The  existence  of  a  portion  of  this  triple  compound  in  our  lung- 
Ctatc  of  ammonia,  and  the  injurious,  effects  which  it  produced  when 
we  atlemptcd  to  reduce  the  metal,  Induced  me  to  undertake  a  set 
of  experiments  in  order  to  obtain  pure  tungstate  of  ammonia  from 
the  oxide  of  tungsten  not  exposed  to  a  red  heat,  and  obtained  as  ia 
experiment  10. 
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(C.) 

Experiments  on  the  lest  Method  of  obtaining  pure  Tungstate  o/" 
Ammortia  from  the  Oxide  of  Tungsten  promred  from  the  triple 
Compound^  in  the  way  described  in  Experiment  10,  and  not  ex- 
posed to  a  Red  Heat. 

* 

Exper.  19; — 250  gr.  of  yellow  oxide  of  tungsten  tlrat  had  not 
been  neated  to  redness  were  mixed  witb  1  oz,  of  caustic  ammonia 
and  1  oz.  of  water,  and  the  mixture  was  left  for  12  hours  in  a  mo- 
derately warm  place.  The  whole  was  then  thrown  upon  a  moist 
filter,  and  the  filtered  liquid,  being  put  into  a  porcelain  dish,  was 
placed  upon  a  stove,  that  it  might  undergo  slow  evaporatioti.  After 
about  the  half  of  the  liquid  had  evaporated,  snow-white  brilliant 
prisms  began  to  separate,  and  they  continued  to  accumulate  till  the 
whole  liquid  was  reduced  to  half  an  ounce.  These  crystals,  being 
separated,  were  found  to  weigh  133  gr.  They  had  not  the  properties 
of  pure  tungstate  of  ammonia,  which  is  known  to  be  very  soluble : 
on  the  contrary,  these  were  very  difficultly  soluble  ;  and  from  their 
appearance,  could  be  nothing  else  than  a  quadruple  compound  of 
oxide  of  tungsten,  potash,  ammonia,  and  muriatic  acid.  The  exist- 
ence of  these  substances  in  these  crystals  was  ascertained  by  further 
experiments  made  with  a  view  to  ascertain  their  nature.  Thus  a 
portion,  being  exposed  to  a  red  heat,  left  after  the  escape  of  the 
ammonia  a  blue,  greenish  white  residuum,  which  when  Wled  in 
muriatic  acid  became  yellowish,  like  the  triple  salt  of  which  we 
have  spoken  so  frequently.  In  another  experiment  the  quadruple 
compound  was  dissolved  in  caustic  potash,  with  the  escape  of  a 
great  deal  of  amnnonia.  The  potash  being  neutralized  by  acetic 
acid,  the  white  triple  compound  precipitated,  which  remained  un- 
altered in  a  gentle  red  heat ;  but  being  boiled  in  concentrated  mu- 
riatic acid,  acquired  a  yellow  colour. 

The  white  residuum  of  the  oxide  treated,  as  above,  with  ammonia 
and  water,  was  once  more  digested  in  1  oz.  of  caustic  ammonia  and 
1  oz.  of  water,  and  the  filtered  liquid  exposed,  as  before,  to  slow 
evaporation  upon  a  stove.  When  the  half  was  evaporated,  crystals 
iippeared,  as  before.  The  whole  of  them  obtained  amounted  tp 
43  gr.    They  possessed  the  same  properties  as  those  iust  described* 

The  mother  leys  from  which  these  crystals  had  aeposited  were 
evaporated  separately.  The  first  yielded  45  gr.  of  a  saline  mass,  foir 
the  most  part  very  soluble  in  water,  and  which  possessed  the  pro<» 
perties  of  tungstate  of  ammonia,  containing,  however,  mixed  with 
It,  a  small  portion  of  the  quadruple  compound. 

The  second  yielded  37  gr.  of  a  saline  mass,  possessing  the  pro^ 
perties  of  the  preceding. 

These  82  gr.  were  macerated  in  3  dr.  of  distilled  water,  and  the 
undissolved  white  quadruple  compound,  which  weighed  33  gr,,  was 
separated  from  the  easily  soluble  portion.  The  solution  was  slowly 
evaporated  in  a  porcelain  dish.    There  remained  48  gr.  of  ai  s«lt^ 
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which  possessed  th^  following  properties.  Its  external  appearance 
was  siilnilar  to  that  of  gum-arabic ;  but  it  was  more  easily  I'educed  to, 
powder^  and  had  a  peculiar  bitter^  biting,  atid  sharp  metaUic  tastej 
Tills  easily  soluble  tungstate  of  ammonia,  being  exposed  for  an  hour 
to  a  genile  red  heat  in  a  glass  with  a  narrow  mouth,  fi;ft  40  gr.  of  n, 
light  blue  oxide«  which  at  the  commencement  was  yellow.  These 
40  gr.  were  put  into  a  crucible,  and  exposed  for  an  hour  to  a  strong 
white  heat  in  a  blast  furnace  without  vaj  mixture  of  charcoal 
powder.  It  was  converted  into  an  OKide  of  a  deep  blue  leoloui^. 
Being  mixed  widi  charcoal  powder,  and  treated  as  in  experiment  16^ 
a  regulus  was  obtained  in  small  grains,  possessing  the  propertiCB 
already  described. 

The  salt  remaining  undisscflved  by  the  ammonia  •exbHiited  4hp 
properties  of  <he  quadruple  compound,  only  it  was  somewhat  moic 
^lifBcultly  edittUe,  and  probably  contaioed  a  greater  proportion  o^ 
joxygen.     It  consisted  of  small  clear -crystals,  and  weighed  85  gr. '    ' 

Esoper^  20. — 20  gr.  of  <he  quadruple  compound  were  put  into  a 
^lass  vessel,  and  disposed  to  a  beat  raised  by  degrees  till  the  glifi^ 
Ridted.  Tbe  reisirltTng  subBtanoe  possessed  tbe  properties  described 
In  experiments  17  and  18,  excepting  that  >it  was  less  Uue,  and  aooftt 
inclined  to  grey. 

These  last  experiments  show  us  not  only  that  the  preparation  4}f' 
pure  tungstate  of  ammonia,  by  employing  yellow  «xide  ^obtained 
from  ^he  triple  compound  of  oxide  of  tungsten,  potash,  and  ibo- 
riatic  acid,  is  very  unprofitable ;  but  that  in  this  case  a  hitherto 
-unknown  quadruple  compound  of  potash,  oxide  of  tungsten,  am- 
mbnia,  and  mariatic  acid,  is  «formed  :  and,  lastly,  they  establish  iifae 
<;onjecture  hasarded  in  experiments  17  and  18,  respecting  the  reality 
4)f  the  iinfitnees  for  reduction  of  ik^  'tungstate  of  ammonia  altered 
as  described  in  these  experiments.  This  unfitness  is  tbe  consequence 
tif  a  mixture  of  the  tungstate  of  ammonia  with  the  so  often  •men'- 
tioned  triple  compound,  which  lias  boen  -^solved  by  means  of  :tbe 
ammonia,  and  converted  into  the  quadruple  compound. 

ikdsulu 'established  hy  tlie  Experiments  related  in  this  Memoir^ 

1.  The  statement  of  other  chemists,  and  particularly  of  ilichter, 
^respecting  the  great  difficulty,  or  even  iinpossibility,  of  obtainii^ga 
•pure  yellow  oxide  of  tungsten  by  treating  Scheele's  tuDgstic  acid 
"wirti  nitric  acid,  ^is-established.  : 

2.  The  employment  of  an  oo^ide  o^  tungsten  obtained  by  the  j 
method  described  above  is  improper  on  two  accounts.  If  we  eonpky  ^ 
It  itf(er  it  4ias  been  exposed  to  a  'red  heat,  we  obtain  by  n>cans  of  ^H 
an  apparently  pure  tungstate  of  ammonki ;  but  for  the  extraction  of  ^ 
the  oxide  of  tungsten  which  it  eontaius,  an  ^excessive  quantity  of 
ammonia  is  necessary;  as  by  the  red  heat  the  oxide  of  tungsten 'is  ^ 
united  with  the  undecomposed  triple  compound  mixed  with  it,  ^nd  : 
ioTVM  a  very  cohesive  compound,  and  therefore  very  difficultly  acted 
on  by  ammonia. ,  If, we  employ  tbe  oxide  without  exposing  it  to  a  : 
red  beat;'  we  form^  when  we  dissoh'e  it  in  am^mooia,  a  graat  quaptitj* 
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•of  a  quadruple  compourfd  (the  properties  of  which  are  given  in  ex* 
periment  10}  consisting  of  oxide  of  tungsten,  potash,  ammonia, 
-and  muriatic  acid  ;  und  only  a  very  small  quantity  of  tungstate  of 
ammonia  can  be  obtained*  This  shows  us  the  necessity  of  employing 
|mre  oxide  of  tungsten  in  the  formation  of  tungstate  of  ammonia. 
d.  Besides  the  yellow  and  dark  blue  oxides  of  tungsten,  there 
ieems  to  exist  another  of  a  dark  brownish  red  or  reddish  brown 
colour.  It  may  be  obtained  by  the  appliration  of  heat  to  the  tung- 
state of  ammonia,  in  consequence  of  the  deoxidizing  property  of 
the  ammonia.  In  respect  to  the  degree  of  oxidation,  it  seems  to 
lie  between  the  yelbw  and  the  blue  oxides. 

4.  The  complete  reduction  of  oxide  of  tungsten  by  the  method 
Irtiove  described  is  a  much  easier  process  than  the  fusion  of  the  re- 
daced  metal.  This  holds  likewise  with  molybdenum,  manganese^ 
tckd  other  difficultly  fused  metals. 

5.  It  is  exceedingly  probable  that  the  failure  which  different 
chemists  have  experienced  in  their  attempts  to  reduce  the  oxide  of 
tungsten,  was  owing  to  a  mixture  of  the  triple  compound  with  the 
oxide  employed  by  them. 

6.  The  statement  of  the  Elhuyarts  and  of  Allen  and  Aikin  re- 
specting the  specific  gravity  of  this  metal  is  confirmed.  We  may 
consider  17'4,  the  mean  of  preceding  statements,  as  near  the  truth* 
The  other  statements  respecting  the  colour,  lustre,  hardness,  and 
brittleness,  of  our  metal,  are  likewise  confirmed. 

7-  The  presence  of  a  portion  of  Scheele's  tungstic  acid  in  the 
oxide  of  tungsten  prevents  its  complete  reduction,  and  causes  it  ta 
Am  into  a  slag. 
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Description  of  an  Elementary  Galvanic  Battery.    By  W.  Hyde 

Wollastoo,  M.D.  Sec.ILS. 

(To  Dr.  Tliomson.) 

DEAR  SIR, 

Agrbkajsly  to  your  request,  I  now  send  }'ou  a  description  of  a 
toaall  battery  which  I  showed  you  some  time  since,  and  shall  feel 
'ot)}ig<ed  by  tiie  insertion  of  it  in  your  Annals^ 
;  Since  the  ignition  of  metallic  wires  b  highly  instructive  with 
respect  to  the  vast  quantity  of  electricity  evolved  during  the  solution 
of  metals,  I  made,  about  three  years  since,  a  series  of  experiments 
for  the  purpose  of  ascertaining  the  most  compendious  form  of  appa* 
ratus  by  which  visible  ignition  might  be  shown. 

The  result  of  these  trials  was,  that  a  single  plate  of  zinc  one  inch 
square,  when  rightly  mounted,  is  more  than  sufficient  to  \f 
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DescriplioJi  of' an  Elementary  Galvanic  Ballery.     fS 
.wire  of  platina  ^^Vu  *  ''f  ^"  •^'^'* '"  ^^iaineler,  even  when  the  acid 
employed  is  very  dilute. 

But  for  this  purpose  each  surface  of  the  zinc  must  have  its  coun- 
terpart of  copper  or  other  metal  opposed  to  it ;  for  ^hen  copper  is 
opposed  only  to  one  face,  tlie  action  on  the  posterior  surface  of  the 
zinc  is  wasted  to  little  or  no  purpose. 

The  smallest  battery  that  I  formed  of  this  construction  consisted 
of  a  thimble  without  its  top,  flattened  till  its  opposite  sides  were 
about  -^  of  aa  inch  asunder.  The  button)  part  was  then  nearly  one 
inch  wide,  and  the  top  about  -^ ;  and  as  its  length  did  not  exceed 
-jSg.  of  an  inch,  the  plate  of  zinc  to  be  inserted  was  less  than  -J  of  a 
square  inch  in  dimensions. 

.  Previously  to  insertion,  a  little  apparatus  of  wires,  through  which 
the  communication  wa^  to  be  made,  was  soldered  to  (he  zinc  plate, 
and  its  edges  were  then  coated  with  sealing-wax,  which  not  only 
prevented  metallic  contact  at  those  parts,  but  also  served  to  fix  the 
zinc  in  its  place  by  heating  the  thimble  so  as  to  melt  the  wax. 

A  piece  of  strong  wire,  bended  so  that  its  two  extremities  could 
be  soldered  to  the  upper  coroers  of  the  flattened  thimble,  served 
both  as  a  handle  to  the  battery,  and  as  a  medium  to  which  tlie  wires 
of  communication  from  the  zinc  could  be  soldered. 

The  conducting  apparatus  consisted  in  the  first  place  of  two  wires 
of  platina  about  ^  of  an  inch  in  diameter  and  one  inch  long, 
cemented  together  by  glass  in  two  parts,  so  that  one  end  of  each 
wire  was  united  to  the  middle  of  the  other.  These  wires  were  then 
tinned,  not  only  at  their  extremities  for  the  purpose  of  being  sol- 
dered to  the  zinc  and  to  the  handle,  but  also  in  the  middle  of  tho 
two  adjacent  parts  for  receiving  the  fine  wire  of  communication. 

One  inch  of  silver  ivire  y-J^  of  an  inch  in  diameter,  containing 
platina  at  its  centre  -^  part  of  the  silver  in  diameter,  was  then 
bended  so  that  the  middle  of  the  platina  could  be  freed  of  its  coat- 
ing of  silver  by  immersion  in  dilute  nitrous  acid.  The  portion  of 
silver  remaining  on  each  extremity  served  to  stretch  the  fine  filament 
of  platina  across  the  conductors  during  the  operation  of  soldering. 
A  little  sal-ammoniac  being  then  placed  on  the  points  of  contact, 
the  soldering  was  efii;cted  without  difficulty,  and  the  two  loose  ends 
were  readily  removed  by  tlie  silver  attached  to  them. 

It  sliould  here  be  observed,  that  the  two  parallel  conductors  can- 
not be  too  near  each  other  provided  they  do  not  touch,  and  that  on 
this  account  it  is  expedient  to  pass  a  thin  file  between  them  (pre- 
viously to  soldering  on  the  wire)  in  order  to  remove  the  tin  from  the 
adjacent  surfaces.  The  fine  wire  may  thus  be  made  as  short  as  from 
■^  to  y'^  of  an  inch  in  length ;  but  it  is  impossible  to  measure  with 


i)d  uf  drawiDK  fioe  irlrra  of  platina,  hy  coaling  lliem  wilb  * , 
,  I  muil  refer  la  ihe  description  nfaich  1  liave  formerly  given  of 
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pte'eisidti,  siBc'e  \t  cannot  be  known  at  what  point3  the  soldering  is 
m  perfect  contact. 

The  acid  which  I  have  employed  with  this  battery  consists  of  one 
measare  of  suIpTiuric  acid  diluted  with  about  50  equal  measures  of 
water;  for  'though  the  ignition  effected  by  this  acid  be  not  perma- 
nenit^  its  duration  for  several  seconds  is  sufficient  for  exhibiting  the 
phenomienon^  and  for  showing  that  it  does  not  depend  upon  mere 
contact,  by  which  only  an  instantaneous  spark  should  be  expected. 

Although  in  this  description  I  have  mentioned  a  wire  -^-^-^  of  an 
inch  Jn  diameter,  I  am  doubtful  whether  this  thickness  is  the  best/ 
I  am^  however,  persuaded  that  nothing  is  gained  by  using  a  finer 
frirc  ;  for  though  the  quantity  of  matter  to  be  heated  is  thus  less-  * 
ened,  the  surface  by  which  it  is  cooled  does  not  diminish  in  the 
same 'ratio;  so  that  where  the  cooling  power  of  the  surrounding 
atindsphere  is  the  principal  obstacle  to  ignition,  a  thicker  wire, 
which  conveys  more  electricity  in  proportion  to  its  cooling  surface, 
will  be  more  heated  than  a  thin  one,  a  fact  which  I  not  only  ascer- 
tained by  trials  on  these  minute  wires,  but  afterwards  took  occasion 
to  confirm  on  the  largest  scale  by  means  of  the  magnificent  battery 
of  Mr.  Children  in  the  summer  of  1813. 

I  remain,  dear  Sir,  ever  very  faithfully  yours, 

BwMnghfim'ttreetj  FUzroy^quar^^  Wm.  H.  WoLLASTON. 

Jug,h^  1815. 
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(Ufjectunis  to  Sir  H.  Davy^s  Theory  of  Chlorine.    By  J.  Berzellus^ 
M.D.  F.R.S*  Professor  of  Chemistry  at  Stockholm. 

(To  Dr.  Thomson.) 

SIR,  St^ckkolnti  June  6,  1815. 

I  HAVB  just  received  the  Englbh  scientific  journals  for  the  last 
Seven  months.  In  one  of  the  numbers  of  your  Annals  you  express 
a  wish  that  I  should  explain  how  the  theory  of  Sir  H.  Davy  respect- 
ing the  nature  of  muriatic  acid  is  inconsistent  with  the  law  respect- 
ing the  combination  of  oxides  with  each  other.  1  therefore  give  the 
following  statement. 

Aik'ording  to  the  old  theory,  muriate  of  lead  is  composed  of  100 
parts  add  and  410  of  oxide  of  lead.  The  submuriate  of  lead  is 
composed  of  100  acid  +  410  x  4  =  1640  oxide.  This  salt,  when 
prepared  by  precipitation,  contains  combined  water,  which  may  be- 
separated  by  heating  the  salt  in  a  retort.  The  quantity  of  this  water 
amounts  to  1334^  parts  for  every  1 740  parts  of  the  dry  salt.  Now 
the.  oxygen  in  this  water  is  just  equal  to  that  m  xYte  o^\^^  oi  V»A 
prfi$eat;    You  knowj  Ukewiscy  that  in  the  submuu^X^  ol  ea^^«^, 
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100  parts  of  the  acid  are  combined  with  SS9  parts  of  o\\Ak  ef 
copper  and  with  133^  of  water.     Here  ihc  oxygen  io  the  water  is 
likewise  equal  to  that  in  the  oxide. 

You  are  aware,  1  presume,  tliat  neither  Davy,  nor  ttie  partisan* 
of  the  new  theory,  agree  with  themselves  in  what  ought  to  be  cor- 
^iderej  as  a  hydro- chlorate  or  a  chloride.  Sometimes  tiiey  speak  of 
chloride  of  potassium,  barium,  copper,  iron;  sometimes  tliey  give 
the  name  of  muriate  or  hydnvchlorate  to  these  liadies.  Such  is  the 
looseness  of  the  theory,  iliiit  we  ciinnot  point  out  any  essential  dif- 
ference between  the  hydro- chlorates  and  chlorides,  (Yet  if  we 
confine  ourselves  to  analogy,  to  which  tliese  chemists,  however,  da 
not  seem  to  aiiach  any  value,  there  is  a  decided  difTercDcc  betvreca 
the  sulphiirel  of'  potassium  and  the  liydrosidphiiTct  of  /joias/i,  qae 
of  which  represents  the  chloride,  and  tlic  other  the  hydro-chUjratg.)- 
Therefore  when  we  wish  to  discuss  their  opinions,  wc  must  forasee 
all  their  methods  of  escaping  from  the  examinHtion;  because  if  you 
prove  that  such  a  body  cannot  be  a  chloride,  they  answer  that  it  \a 
a  hydro- chlorate,  decomposing  and  forming  water  at  the  pleasure  of 
the  hypothesis,  with  a.  facility  which  has  no  other,  example  in  the 
whole  science  of  chemistry ;  for  the  sulphurets,  phosphureis,  and 
tellureis,  of  the  alkaline  metals  decompose  likewise  water;  but 
water  in  these  cases  cannot  be  formed  at  pleasure,  provided  the 
>  access  of  air  be  withheld.  If  we  asit  the  partisans  of  the  new  theory 
what  is  their  opinion  of  the  composition  of  the  submuriates  in  ques- 
tion, they  will  immedia.te]y  answer  that  they  are  real  subhydro- 
chloratcs,  composed  of  hydro-chloric  aeid,  oxide  of  copper,  and 
water.  But  if  the  existence  of  such  a  hydro-chloric  acid  be  real,  it 
Ls  to  be  supposed  that  the  subhydro-chl orates  in  question  are  com- 
posed according  to  the  same  laws  as  all  the  other  sails. 

We  must  then,  in  order  to  convert  the  JOO  parts  of  muriatic  afird 
(supposed  by  the  old  theory)  into  hydro-chloric  acid,  take  away  the 
fourth  part  of  the  13UA.  of  water,  the  oxygen  of  which  constitutes 
an  integrant  pavtof  ihe  chlorine,  and  the  hydrogen  of  which  added 
to  the  chlorine  produces  hydro-chloric  acid.  The  weight  of  the 
metallic  oxide  remains  thcsanje.  The  13.S*5  parts  of  water,  then, 
which  the  analysis  gives,  do  not  exist  wholly  in  the  salt  in  ttie  state 
of  water.  Only  100-3  |)arts  exist  in  tlmt  state.  The  remaining  33-3 
parts  are  produced  hy  the  opeiBtion  when  the  hydrogen  of  the  acid 
unites  to  a  portion  of  Ihe  oxygen  of  the  oxide  in  order  to  produce  a 
chloride.  But  the  oxygen  of  the  metallic  oxide  is  ll/'^i  while 
that  of  iOO'2  parts  of  water  only  amounts  to  8S-(j ;  that  is  to  say, 
precisely  three-fourths  as  much  as  the  oxygen  of  the  base.  Here, 
then,  we  have  a  body  composed  of  an  acid  without  oxygen,  of  an 
oxide  base,  and  of  water  of  combination.  The  oxygen  of  the  water 
ought  to  he  in  this  case,  as  in  all  other  salts,  both  neutral  and  with 
excess  of  base,  a  multiple  or  a  siibmultiple  by  ii  whole  number  of. 
that  of  the  base.  But  we  have  just  seen  that  it  amounts  only  to 
three-fourftia  of  it.  Hence  it  follows  that  either  the  hypothesis  of 
Dav^,  or  the  rule  concerning  the  coniVmalion  qE  oxides,  is  inaccu- 
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rsete,  :  No,  "it  is^id,  the  hypotl>esis  of  Davy  does  ndf  opnsidertbiBfiie 
bodied  tts  subhydro-chlorates.  They  are  composed  of  the  chloride- 
cf  copper  or  lead,  combined  with  the  oxide  of  the  same  tn^tal  and 
trkh  «irater,  iso  that  for  one  atom  of  chloride  there  are  three  atoms 
of  ^  oxrde  and  four  of  water,  a  composition  which  agrees  perfectly 
with  tiie  laws  of  chemical  proportions.  But  this  is  a  mistake.  It 
it  coT>formable,  indeed,  to  the  atomic  theory  of  Dalton,  which  pays 
no  attention  to  the  relation  of  the  oxygen  of  the  different  oxides 
oOBibined ;  but  it  is  contrary  to  the  law  above  stated ;  for  it  sup* 
poses  that  the  oxygen  of  the  oxide  is  88*6,  and  that  of  the  water 
117'B ;  that  is,  that  the  former  is  only  three-fourths  of  the  latter.  I 
do  not  know  wliether  the  new  hypothesis  admits  still  other  explana- 
tions ;  but  it  is  obvious  that  the  two  explanations  given  here  are 
contrary  to  the  law  which  determines  the  respective  quantities  of 
bodies  that  combine.  Therefore  either  that  law  or  the  hypothesis  is 
incorrect.  Sir  H.  Davy,  in  speaking  of  my  objections  to  his  hypo* 
thesis^  says,  ''  I  cannot  regard  these  arguments  as  possessing  any 
weight  \ "  *^  and  there  is  no  general  canon  with  respect  to  the  mul- 
tiples of  the  proportions  in  which  different  Ixxiies  combine."  I  do 
not  think  that  this  manner  of  refuting  is  admissible  in  the  sciences. 
This  celebrated  chemist  has  taken  advantage  of  his  great  superiority, 
and  lits  predisposed  the  reader  to  believe  that  six  years  of  labour  on 
my  part  to  find  and  to  establish  by  numerous  experiments  the  law, 
^hich  he  says  does  not  exist,  have  been  lost  without  fruit.  I  sup- 
pose, however,  that  he  will  one  day  do  me  the  justice  to  take  the 
trouble  to  prove  by  experiment  that  I  have  deceived  myself  if  he 
findr  that  I  am  in  the  wrong. 
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Article  IX. 

jIn  Essay  on  the  Shapes,  Dimensionsj  and  Positions  of  the  Spacer 
in  the  Earth  which  are  called  RentSf  and  the  Arrangement  of  the 
Matter  in  them.:  with  the  Definition  and  Came  of  stratification^ 
By  Mr.  John  B.  Longmire. 

(Continued  from  p.  46.) 

'  I.  On  Rents. 

U'  Additional  Remarks  on  the  Positions  of  the  Strata  near  Bended'^ 

Talular  RenUs. 

'  I  HAVE'  before  laid  it  down  as  a  general  rule  that  the  distance 
which  the  strata  are  asimder  on  opposite  sides  of  bended- tabular 
l^ents  is  owing  to  a  bending  in  the  strata,  which  commences  at  the 
lowest  extremities,  increases  to  the  middles,  then  decreases  to,  and 
endiAt^  the  highest  extrcmhies  of  these  re&ti.    Bot,  altlio\3L^\v\\\vv 
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iB.tbB  general  mode,  and  one  that  is  subject  to  some  modification^ 
there  19  another  mode  by  which  this  difference  of  level  is  produced. 
Mineis  often  find  the  strata,  any  distance  from  a  foot  to  mo^e 
thaa  40 -fi^thoms  asunder,  in  point  of  altitude^  on  opposite  sides  of 
bonded- tabular  rents,,  in  places  where  these  strata  are  not  bent; 
but  straight,  as  the  stratum  abcd^  Plate  XXXVIII,  fig.  1,  and  the 
stratum  c,  along  with  the  strata  B  A,  fig.  2,  are  represented.  In 
t(ie  first  mode,  the  distances  which  the  strata  are  asunder,  on  oppo- 
site sides  of  these  rents,  are  obtained  by  the  bending  of  the  strata, 
and  always  continue,  and  sometimes  increase,  during  many  tem- 
porary suspensions  of  this  bending ;  but  in  the  second  mode,  it  takes, 
place  without  any  bending  of  the  strata. 

.  I  will  give  one  eAample  to  illustrate  each  mode.     Let  fig.  1  be 
representative  of  the  first  mode.     The  stratum  ad  h  horizontal, 
notwithstanding  the  part  a  Z^  is  the  distance  b  c  below  the  part  c  d. 
Above  this  stratum,  at  the  rent  A,  the  strata  arc  straight  for  a  certain: 
distance,  and  then  they  are. beat;  and  below: this  stratum  tliey  jatc 
also  bent,  at  first  slightly,  but  with  a  gradually  increasing  ratio,*that 
reaches  its  maximum  at  the  stratum  k  n ;  whose  two  parts  k  I  and 
971  n  are  the  distance  m  I  asunder,  which  is  equal  to  the  distance y'g*, 
and  to  the  distance  b  c,  and  which  is  acquired  by  the  bending  of  the 
part  m  n  above  the  line  I  n.    The  strata  close  to  the  side  p  g  c  at 
this  part  of  the  rent  are  thicker  than  close  Xo  the  side  Ifb :  they  are 
also   thicker  ait  m  p  than   at  q  ??,  and  that  additional  thickness 
throughout  the  whole  of  the  rent,  below  the  stratum  i  n^  gave  rise 
to  the  bending  of  the  part  mnoi  that  stratum^  in^  the.  manner  which 
has  been  shown  in  my  first  communica^tion  on  rents ;  but  the  strata 
above  the  stratum  m  n  where  close  to  the  side  m  c  of  the  rent, 
though  thicker  than  the  opposite  strata  on  the  side  /  b,  are  not  'so 
thick  as  they  are  at  the  line  n  d;  \n  consequence,  the  bending,  as 
seen  at  m  ?/,  gradually  decreases  upwards  till  it  ceases.  Let  us  take, 
by  way  of  illustration,  the  efi^ct  on  the  stratum  c  A,  of  this  altera- 
tfon  in  the  thickness  of  the  strata  :  as  much  as  the  strata  which  are 
situated  between  the  strata  k  n  and  c  h  are  thicker  at  the  line  n  k 
than  at  k  e,  so  much  is  the  distance  n  h  greater  than  the  distance 
k  &,  (say  by  the  distance  h  o,)  and  so  much  is  the.  stratum  g  h  bent 
less  than  the  stratum  m  n,  say  by  the  distance  ir.    The  beading,  of 
the  strata  above  the  stratum  c  h  also  diminishes  upwards,  from  the 
same  cause,  till  it  ceases  at  the  stratum  a  d,  which  is  straight.     At 
first  sight  the  position  of  the  stratum  a  dy  considering  how  much 
one  part  is  higher  than  the  other,  appears  to  be  irreconcileable  with 
that  arrangement  which  I  have  considered  the  general  one ;  but 
when  its  connexion  with  that  of  the  strata  belOw  is  traced  as  we 
have  now  done,  its  difference  firom  that  which  is  the  common  one 
is  easily  accounted  for.  In  fact,  the  arrangement  of  the  elementary 
matters  in  this  part  is  such,  that  the  strata  have  contracted  less, 
instead  of  more,  at  the  line  n  d  than  close  to  the  side  m  c  of  the 
feiftj  aa^by  doiog  so  have  gradually  gvveu.the  straight^  instead  of 
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^  ben^d  position  to  the  strata  of  this  part :  while  these  strata 
cibse  to  the  rent  have  contracted,  as  usual,  less  on  the  under  side 
p  €  than  on  the  upper  side  /  b.  Hence  also  the  distance  between 
the  straight  strata  on  opposite  sides  of  this  rent  is  equal  to  that  be*- 
tween  similar  parts  of  the  bent  strata. 

An  example  of  the  second  mode  is  that  which  follows.  Some- 
times the  strata  near  bended-tabular  rents  are  all,  or  nearly  all, 
straight,  notwithstanding  they  are  situated  at  different  levels  on 
opposite  sides.  Thus  the  strata  ABC,  fig.  2,  and  those  which  lie 
between  them,  are  straight  on  both  sides  of  the  rents  D  E ;  but  the 
pHrts  of  the  strata  bf  k  and  e  i  n  are  higher  on  the  under  sides  than 
the  parts  c  g  I  and  d  hm  on  the  upper  sides  of  these  rents.  The 
strata  in  this  figure,  as  well  as  those  near  all  rents  of  this  shape,  are 
thicker  on  the  upper  than  on  the  under  sides ;  and  by  this  greater 
thickness  the  stratum  A  is  higher  nt  b  e  than  at  c  d,  the  stratum  B 
2^fi  than  at  g  A,  and  the  stratum  C  at  A  tz  than  at  /  m.  Now,  as 
has  been  before  shown,  this  difference  in  the  thickness  of  the  strata 
18  a  consequence  of  the  unequal  contraction  of  the  stratified  matter ; 
that  is  to  say,  the  strata  have  contracted  more  near  the  upper  sides 
than  near  the  under  sides  of  these  rents.  But  although  ihey  have 
contracted  with  different  ratios  on  different  sides,  yet  in  the  example 
before  us  the  ratio  on  any  one  side  has  been  uniformly  the  same 
throughout  the  strata^  instead  of  being,  as  in  general,  the  least 
near  the  rents,  and  the  greatest  at  given  distances  from  them.  In 
consequence,  then,  of  this  uniformity  in  the  ratio  of  contraction 
of  the  strata,  wlien  taken  on  one  side  only^  they  arp  straight  on  both 
sides  of  some  rents,  although  they  are  situated  at  different  levels  on 
opposite  sides  of  such  rents.  ' 

It  may  be  proper  to  remark  here  that,  though  the  strata  are 
straight,  and  higher  on  one  side  of  a  rent  than  on  the  other,  when 
seen  in  a  cross  section,  as  in  fig.  2 ;  yet  when  a  view  is  taken  at 
right  angles  to  this  section,  or  when  a  person  faces  the  rent,  every 
stratum  then  separates  at  one  horizontal  extremity  into  two  parts, 
one  inclining  very  gently  upwards,  and  the  other  downwards,  till 
opposite  the  middle  of  the  rent ;  then  the  higher  part  dips  down- 
wards, and  the  lower  part  rises  upwards,  till  they  meet  again  at  the 
other  horizontal  extremity  of  the  rent. 

2.  Observations  on  the  Upper  Extremities  of  large  Bended-Tabular 

Rents, 

TTie  upper  extremities  of  some  rents  are  altogether  situated  in 
the  solid  rock,  and  at  considerable  distances  below  the  surface. 
Many  large  rents  extend  downwards  from  the  surface  of  the  solid^ 
rock,  or  that  of  the  solid  strata,  to  great  depths  ;  but  some  of  them 
reach  above  the  solid,  through  the  alluvial  matter,  to  within  a  few 
inches  of  the  earth's  surface. 

Some  of  the  rents  which  reach  nearly  to  the  surface  are  precisely  ' 
of  the  same  dimensions  in  the  alluvial  clayy  as  in  the  solid  tock 


19 


•"iWr  jiii  Essay  on  Rents.  [Sbi 

below  :  and  what  is  more  lemnrkiihle  in  the  lon'er  lialf  of  the  allu- 
viul  clay,  they  are.  sometimes  filkd  willi  spar  and  the  usual  content] 
of  the  rents,  and  in  tlie  upper  lialF,  whh  clay  deeply  tinned  with 
iron;  and  someiimes  opposite  the  wliole  lieight  of  the  alluvial 
niaiifr  they  aw  filled  witli  iron  tinged  clay  :  in  both  instances  thcr 
rents  are  covered  with  only  thin  strata  of  soil.  In  the  Shropshire 
and  Cumberland  coal  formatiun^  I  have  seen  rents  so  circumstanced 
at  thi'  tartli's  fiirface  ;  and  at  Lead  Hills  in  Scotland,  in  company 
with  Mr.  Martin  of  that  place,  I  met  with  two  such  rents,  that  are 
siiuaied  in  ilie  north  side  of  the  valley  and  to  the  west  of  the 
Susannah  vein.  Other  lenfs  that  reach  to  only  a  few  inches  below 
the  surface  are  as  wide  in  the  alluvial  clay  just  above  the  top  of  ihe 
hard  rock  as  they  are  lielow  ;  but  upwards,  they  increase  in  width 
in  such  a  ratio  that  each  side  deviates  from  20°  to  30°  from  a  per- 

Ipendicular  line.  Opposite  the  alluvial  mutter  they  contain  clay; 
nixed  lhrou|^hoitt  with  large  coliliies,  whieh  last  are  very  numerous 
St  the  botioni.  The  contents  in  these  parts  appear  as  if  they  had 
fceen  washed  into  the  rents.  I  have  seen  such  rents  in  Cornwall. 
JlLents  reaching  through  the  alluvial  matter  exist  most  abundantly  in 
low  and  smooth  mountainous  districts,  such  as  Cornwall  and  Lead 
Hills. 

'l"he  existence  of  rents  in  alluvial  matter,  though  new  to  men  of 
science,  is  a  very  important  fact.  It  sliows  us  that  the  alluvial 
matter  must  have  been  formed  before  these  rents;  otherwise,  after 
reaching  the  surface  of  the  present  rocks,  the  rents  could  not  have 
passed  through  the  alluvial  matter.  It  also  shows  us  that  the  alluvial 
matter  was  formed  from  the  matter  below,  when  this  matter  was 
the  least  able  to  resist  a  disintegrating  force :  and  by  it  we  know 
that  the  alluvial  matter  has  not  been  removed  since  then.  Hence 
'     the  rocks  or  strata  underneath  such  parts  have  not  been  in  the  least 

kH'Bsted  by  the  elements. 
11,  On  Stratification. 
I  have  said  that  the  phenomenon  of  stratification,  in  one  point  of 
view,  is  an  effect  of  the  unequal  contraction  of  the  earth's  matter, 
I  will  now  give  my  reasons  for  this  assertion.  But  perhaps  it  may 
he  previously  necessary  to  give  a  definition  of  the  term.  Stratifica- 
tion consists  in  that  assemblage  of  tabular  masses,  wherein  any  one 
mass  is  parallel  lo  Ihnt  next  above,  and  to  that  next  hehw  it.  A 
formation  that  is  entitled  to  he  called  stratified  must  have  this  ar- 
rangemeni  of  parts  every  where.  According  to  this  definition,  all, 
or  nearly  all,  the  red  and  while  sand-stone,  and  some  of  the  lime- 
stone formations,  are  stratified  ;  but  the  formations  of  granite,  mica- 
elatc,  &c.  are  not  stratified,  unless  they  Ite  in  hollow^,  as  they 
sometimes  du,  on  the  piimttive  and  unslralified  mass.  Mountains 
divid.d,  ia  a  fin-  p/we^,  into  tabular  dislinet  concretions,  have 
someiimes  been  called  stiaiificd ;  but  lo  jjossess  tliis  structure  they 
iDfist  l>$  ev^ry  wb^^e  divided  into  tabular  masses^  which  Imve  tjiq  , 


same  relation  to  one  another  as  I  have  shown  to  be  necessary  to  con- 
fithute  stratification. 

After  the  naatter  on  which  all  stratified  formations  rest  had 
assumed  a  small  degree  of  solidity,  it  contracted  unequally.  Hence' 
one  part  of  its  surface  sunk  lower  than  another,  and  gradually' 
formed  a  number  of  hollows,  into  which  as-  gradually  entered 
originally  fluid  matter,  and  matter  greatly  comminuted  and  mecha- 
nically suspended  in  water. 

Let  us  endeavour  to  follow  the  formation  of  a  hollow  through^a 
few  stages.  Let  A,  fig.  3,  be  the  first  stage.  Here  a  hollow,  say 
of  a  few  feet  in  depth,  is  observed,  which  has  been  gradually 
formed  by  the  sinking  of  one  part  a  lower  than  the  part  de.  Let 
B  be  the  seeond  stage.  The  hollow  has  now  got  an  additional  area 
marked  b,  and  is  twice  the  depili  thkt  it  was  at  the  end  of  the  first 
stage,  with  an  equal  increase  of  dimensions  sideways.  Between 
this  stage  and  the  first  the  iiollow  has  been  gradually  increasing  in 
dimensions  by  the  sinking  of  the  part  a  h  more  than  the  part  de. 
C  is  the  third  stage  ;  in  which  another  space  c  is  added  to  the 
hollow.  In  this  manner  tlie  extension  of  the  hollow  would  continue 
as  long  as  tlie  matter  continued  to  contract  unequally,  or  till  the 
earth  had  acquired  its  present  degree  of  solidity.  Some  hollows  are 
filled  with  matter  of  one  denomination,  a«  white  sand-stone,  &c. ; 
others  with  that  of  various  denominations^  as  in  the  coal  formations. 
The  matter  in  the  former  instance  has  proceeded  from  one  source; 
in  the  latter,  from  different  sources.  Some  hollows,  again,  were 
filled  with  matter  while  forming;  otliers  not  till  after  they  were 
totally,  or  at  least  nearly,  formed.  But  all  hollows  so  produced, 
and  filled,  and  such  spaces  only,  except  a  few  rents,  contain  matter 
having  the  stratified  structure.  The  slow  but  gradual  entry  into 
hollows  of  matter  either  .fluid  or  mechanically  suspended  in  water, 
is  certainly  necessary  to  give  to  such  matter  the  stratified  sttuctuire ; 
but  if  these  hollows  had  not  been  formed  by  the  unequal  contrac- 
tion of  the  matter  below  them,  the  present  stratified  matter  would 
have  remained  for  ever  in  its  original  situation.  Striatification,  then, 
in  this  point  of  view>  h  an  effect  oi'  the  unequal  contraction  of  the 
earth's  matter. 
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April. 
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In  deducing  the  mean  of  the  observations  in  July,  th6  morning 
and  noon  observations  are  rejected,  on  account  of  the  great  varia- 
tion. 

•  Jul}/  30. — The  needle,  after  being  steady  for  several  weeks, 
vibrated  2'  15'''.  The  wind  blew  fresh  from  the  north,  and  the 
needle  has  continued  unsteady. 

Rain  fallen  5^1^*^°  °°"°  ""^  t""  VI  i"^^  I  1  509  inch. 
I  ISetween  noon  of  toe  1st  Aug. ) 

Evaporation  during  the  same  period 3*65 

Since  the  instrument  was  constructed  with  which  these  observa^- 
tions  were  made,  Mr.  George  Dollond,  of  St.  Paul's  Church  Yard, 
has  so  much  improved  the  construction,  that  the  instrument  which 
he  now  makes  combines  the  advantages  of  a  theodolite,  transit,  and 
equal  altitude  instrument  and  variation  compass,  and  is  equally' 
portable  with  mine. 


Article   XI. 

« 

Analyses  of  Books* 

I.  Philosophical  Transactiom  of  the  Royal  Society  of  London  for 

1815,  Part  I. 

This  volume  contains  the  nine  following  papers : — 
1.  Additional  Observations  on  the  Optical  Properties  and  StruC" 
iure  of  heated  Glass  and  unanmaled  Glass  Drops,  By  David 
Brewster,  LL.D.  F.R.S.  Edin.  and  F.A.S.  Edin— In  a  former, 
paper  the  author  had  shown  that  glass,  when  heated,  acted  on  light- 
like crystallized  bodies;  and  that  Prince  Rupert's  dro«  ad  a 
similar  property.  .  On  examining  these  drops  caref  'er^ 
YJsibleiQ  tbem^  fbrmuig  imperfect  ckov^^^s,  wA  ^"^ 
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erystalline  structure  more  evident.  The  specific  gravity  of  the  un-^ 
annealed  and  anneahnl  drops  was  found  to  bc^  nearly  the  sanoe^ 
3^276^  allowance  being  made  for  the  cavities  contained  in  the  un* 
annealed  drops.  These  vacuities  are  occasioned  by  the  contraction 
of  the  internal  parts  of  the  drop  while  cooling.  They  disappear 
when  the  drop  is  heated  to  redness.  It  appears,  then,  that  heat 
produces  a  crystalline  structure  in  glass,  which  vanishes  as  the  glass 
cools. 

2.  Description  of  u  neiu  Instrument  for  performing  mechanieaiy 
th^  Involution  and  Evolution  of  Numbers,  By  Peter  M .  Roge^ 
MiD.-^l'his  instrument  consists  in  a  very  convenient  and  inge-»: 
nionsly<x)ntrived  sliding  rule,  which  must  b©  useful  in  a  great 
yariety  of  cases. 

3.  JExfjerime?tts  mi  the  Depolarization  of  Light ,  as  exhibited  by 
various  Mineral^  Animal^  and  Fegeiable  Substances,  tuith  a  refer^^ 

,tmce  of  the  Phenojnena  to  the  general  Principles  of  PoJ^:^tion. 
By  Dr.  Brewster. — In  this  paper  Dr.  Brewster  gives  a  list  of  5S' 
substances,  animal,  vegetable,  and  mineral,  which  depolarize  light  )■ 
and  of  58  substances,  which  have  no  effect  in  depolarizing  light. 
He  then  gives  what  he  calls  a  theory  of  the  depolarization  of  liglxt*- 
The  various  modes  in  which  bodies  depolarize  light  may  be  reduced^ 
to  seven.     J.  When  the  crystal  possesses  neutral  axes,  and  forms 
two  images  which  are  capable  of  being  rendered  visible,  as  in  r«/- 
careous  spar,  topaZj  &c.     In  this  case  he  shows  that  the  apparent 
de|>olarization  of  the  pencil  is  nothing  more  than  the  polarizing  of 
it  in  a  new  plane.     2.  When  the  crystal  possesses  neutral  axes,  and 
exhibits  only  a  single  image,  as  in  the  human  hairy  and  various 
transparent  films.    This  he  considers  as  exactly  the  same  with  the 
first  case,  excepting  that  the  two  iipagcs  formed  by  the  human  hair, 
&c.  being  produced  by  the  saitie,  or  nearly  the  same,  refractive' 
power  cannot  be  rendered  visible  by  any  contrivance.   3.  When  the 
crystal  has  no  neutral  axes,  but  depolarizes  light  in  every  position,* 
as  in  gum  arable^  caoutchouc j  torioise-shel/j  &c.     These  bodies  arc 
composed  of  thin  plates  lying  above  each  other.     Each  of  these 
plates  possesses  neutral  axes,  and  depolarizing  axes.     But  as  these 
different  axes  do  not  coincide  with  each  other  in  the  different  plates, 
the  consequence  is,  that  the  compound  body  depolarizes  in  every 
direction.     4.  When  there  is  an  approach  to  a  neutral  axis,  as  in 
gold-beaters'  skin^  &c.     In  this  case  the  body  is  composed  of  thin 
nlrns,  like  the  preceding;  but  the  neutral  axes  of  each  are  nearly 
coincident.     5.  When  the  crystal  dej^olarizes  or  restores  only  a  part 
of  the  polarized  image,  as  in  ^film  from  sea  weed,  and  VifUm  from 
the  partan  (crab).   He  considers  that  this  case  is  owing  to  the  bodies 
whid)  possess  this  pro|)erty  being  partly  crystallised  and  partly  ucr-*- 
crystallized.     6.  When  the  crystal  depolarizes  luminous  sectors  of 
iUsbulous  light,  as  the  oil  of  mace.     How  the  halo  in  this  case  xn 
produced,  he  does  not  attempt  to  explain :  but  he  conceives  that  it 
necessarily  fidlows  from  the  phenomena  that  there  are  two  hales  oc 
MebuJous  magety,  the  one  lying  exactly  above  the  jotjier,  and  leaving 
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ti^ry  alteroate  sector  polarized  in  an  oppoiite  manner.  7-  When 
tbe.  crystal  restores  the  vanialied  image,  but  aHows  it  to  vanish  again 
during  the  revdution  of  the  calcareous  spar.  Every  body  which 
possesses  this  kind  of  depolarization  forms  either  a  bright  and  a 
nebulous  image,  or  a  single  image,  the  light  of  which  is  all  polar* 
ized  in  the  same  manner. 

4.  On  an  Ebbifig  and  Flowing  Sjtream^  discovered  by  boring  in 
the  Harbour  of  Bridlinston.  By  John  Storer,  M.D. — In  the  year 
181 L  a  boring  was  mad^  in  the  harbour  of  Bridlington,  in  order  to 
ascertain  the  thickness  of  the  bed  of  day  which  constitutes  its 
bottom.  The  workmen  having  bored  through  28  feet  of  very  solid 
clay,  and  afterwards  through  15  feet  of  a  cretaceous  flinty  grai'el  of 
a  very  concrete  texture,  the  auger  was  perceived  to  strike  against 
the  solid  rock.  As  they  were  unable  to  make  any  impression  upon 
this  rock,  the  work  was  given  up  for  that  tide,  without  any  appear* 
ance  of  water.  But  the  pit  gradually  filled  with  Iresh  water ;  and 
when  the  tide  rose  within  49  or  50  inches  of  the  mouth  of  the  bore, 
this  water  overflowed,  and  continued  to  do  so  till  the  tide  had  ebbed 
so  as  to  be  49  or  50  inches  below  the  mouth  of  the  bore.  This  pit  ' 
was  afterwards  converted  into  a  well,  and  it  continues  to  overflow 
with  the  same  regularity  as  at  first.  Mr.  Milne,  Collector  of  the 
Customs  at  Bridlington,  has  formed  the  following  theory  toi(ccount 
for  this  curious  phenomenon.  The  bed  of  clay,  he  conceives,  ex- 
tends to  Smithwick  sand,  which  forms  a  bar  across  the  opening  of 
the  bay,  about  four  miles  from  the  quay  in  a  south-easterly  direc* 
tion.  The  rain  water  which  flows  below  this  clay  cannot  be  dis- 
charged till  it  arrives  at  the  ledge  of  rocks  where  the  clay  termi- 
nates. Its  issue  will  meet  with  more  or  less  resistance  according  to 
the  depth  of  the  sea  water.  Hence  the  reason  why  the  well  over- 
flows every  title.     There  is  a  circumstance  which  Dr.  Storer  thinks^ 

.  militates  against  this  hypothesis.  After  great  mins,  the  column  of 
spring  water  is  elevated,  and  the  discharge  prolonged  during  each- 
tide.  He  thinks  the  subject  might  be  elucidated  by  a  more  perfects 
acquaintance  with  the  peculiarities  of  the  springs  on  this  part  of  the 
coast  which  are  called  gipsies, 

5.  On  the  Effects  of*  simple  Pressure  in  producing  that  Species  of 
Crusfallization  which  forms  two  oppositely  Polarized  Images^  and 
exhibits  the  complimentary  Colours  by  Polarized  Light, "  By  Drj 
Brewster. — The  author  found  that  calf's-foot  jelly  and  isinglass,: 
when  first  gelatinized,  did  not  possess  the  property  of  depolarizing* 
light ;  but  they  gradually  acquired  it  by  keeping,  and  immediately^ 
by  pressure  between  two  plates  of  glass. 

•  fi.  Lx/)eriments  made  with  a  view  to  ascertain  the  Principle  ofl 
which  the  Action  of  the  Heart  depends,  and  the  Relation  whieh 
subsists  between  that  Organ  and  the  N^ervous  System.  By  A.  P. 
Wilson  Philip,  Physician  in  Worcester  ^^^^m  these  experiments 
it  appears  that  the  brain  or  spinal  m«  both  of  them,  may 

be  removed  from  the  body,  or  destixr  without  impeding 

the  action  of  the.^beait,  provided  aTt!  ^  \k^  Ys9|^^^^'V 


I  Ibat  when  stimuli  (alcohol,  opium,  tobacco,)  arc  applied  to  the 
I  brain  oc  spinal  marrow,  the  action  of  the  heart  is  greatly  increased; 
I  Jnd  that  when  the  brain  or  spinal  marrow  is  destroyed  at  once  by 
K  crushing  them,  the  action  of  the  heart  is  destroyed  or  impeded. 
I  .  7-  Exjierimenls  to  a^cettain  the  Infiiwnce  of'  the  Spinal  Marrow 
k  on  Ike  Action  of  the  Heart  in  Fisfiei.  By  Mr.  William  Ciift. — ■ 
^FioQi  these  experiments  it  appears  that  the  heart  of  a  carp  continues 
1  to  beat  for  several  hours  after  the  pericardium  is  laid  open ;  that  if 
I  the  fish  be  left  in  the  water,  this  action  ceases  much  sooner  than  if 
I  Jhe  fish  be  allowed  to  remain  quiet  in  the  open  air ;  that  the  spinal 
r  toarrow  may  be  destroyed,  and  the  brain  removed,  without  injuring 
I  fte  action  of  the  heart;  but  that  this  action  is  somewhat  injured  by 
E  tuddealy  destroying  the  brain. 

I  !■  8.  Some  Ex/>eriine?ils  aird  Ohervalions  on  the  Cul^irs  iised  in 
w  Painting  by  the  Ancients.   By  Sir  Humphry  Davy,  LL.D,  F.R.  S. 
V  j— The  author,  while  in  Italy,  had  an  opportunity  of  examining 
■  wme  pigments  found  in  the  baths  of  Titus,  and  some  dug  up  f^rotn 
KPompeii.     He  mndi!  experiments  also  upon  the  fresco  paintings  in 
Ktfie  baths  of  Titu9.     The  following  nre  the  facts  which  he  ascer- 
rtBinedi — 1.  The  rctf  colours  employed  in  these  paintings  were  red 
lead,  vermilion,  and  iron  ochre,     '2.  The  yeZ/owf  were  yellow  ochre, 
in  some  cases  mixed  with  chalk,  Jti  others  with  red  lead.     The 
ancients  likewise  employed  orpiment  and  massicot  as  yellow  paints. 
S.  The  blue  was  a  pounded  glass,  composed  of  soda,  silica,  lime, 
and  oxide  of  copper.  Indigo  was  likewise  employed  by  the  ancients, 
and  tliey  employed  cobalt  to  make  blue  glass.    4.  The  greens  were 
compounds  containing  copper;  sometimes  the  carbonate  mixed  with 
chalk,  sometimes  with  the  blue  glass.     In  some  cases  they  consisted 
of  the  green  earth  of  Verona.     Verdigris  was  likewise  used  by  the 
ancients,     5,  The  piirple  colour  found  in  the  baths  of  Titus  waff 
either  an  animal  or  vegetable  substance,  perhaps   the    colouring 
matter  of  the  inurex  combined  with  alumina.     6.  The  blasks  were 
carbonaceous  matter;  the  browns,  ochres  often  contaioing  manga- 
nese,    7-  The  whites  were  chalk  or  clay.     White  lead  was  known 
likewise  to  the  ancient  painters, 

y;  On  the  Laws  which  regulate  the  Polarixalion  of  Light  by 
Rejiectian  from  Transparent  Bodies.  By  .Dr.  Brewster, — This 
paper  may  be  considered  as  a  treatise  on  the  subject.  The  author 
ascertained  by  experiment  that  the  index  of  refraction  m  the  tangent 
of  the  angle  of  polarisation.  From  this  law  he  shows  how  all  the 
phenomena  may  be  deduced,  and  the  result  of  all  the  experiments 
determined  beforehand.  But  from  the  great  conciseness  of  the 
paper,  and  the  mathematical  dress  in  which  it  has  been  put,  it  is 
out  of  our  power  to  convey  to  our  readers  an  intelligent  abridg- 
ment of  it. 


II.  A  Treatise  on  the  Economy  of  Fuel  and  Management 
jKv-i  especially  as  ii  relates  (o  Heaiiiig  anci  Drijing 
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Sieam:  in  four  Parts.  1.  On  the  Effects  of  Heat,  the  Means  of 
meeauring  it,  the  comparative  Quantity  of  Heat  produced  by  diffe^ 
rent  Kinds  ofFuel^  Gas  Lights  ^c,  2.  On' heating  Mills,  Dwells 
ing'houses^j  Baths,  and  Public  Buildings.  3.  On  Srying  md  keat^ 
ittg  by  Steam.  4.  Miscellaneous  Observations.  With  many  useful 
'Tables.  Illustrated  by  Plates.  fVith  an  Appendix:  containing 
Observations  on  Chimney  Fire-places,  particiiterly  those  used  in 
Ireland — on  Stoves — on  Gas  Li^hts-^-on  Lime^Kilns — on  Furnaces 
mid  Chimneys  used  for  rapid  Distillation  in  the  Distilleries  of  Scot- 
landr^on  improved  Boilers  for  evaporating  Idquids.  By  Robertsoa 
Buchanan,  Civil  Engineer. — Glasgow,  1815. 

This  ample  title-page  is  sufficient  to  inform  the  reader  what  he 
may  expect  to  find  in  thb  useful  little  work,  which  is  of  too  miscel- 
laneous a  nature  to  admit  of  an  analysis  within  any  reasonable  com- 
pass. The  most  valuable  part  of  it  consists  in  the  details  with  which 
It  furnishes  us  respecting  the  modes  of  warming  buildings  by  steam 
employed  by  manufacturers  in  different  parts  of  Great  Britam. ' 

IIL  A  Practical  Treatise  on  Gas  Light:  exhibiting  a  summary 
Description  of  the  Apparatus  and  Machinery  best  calculated  for 
Illuminating  Streets,  Houses,  and  Manufactories,  vAth  Carbureted 
Hydrogen  or  Coal  Gas :  with  Remarks  on  the  Utility,  Safety,  and 
General  Nature  of  this  new  Branch  of  Civil  Economy.  By  Frede-^ 
rick  Accum,  Operative  Chemist,  Lecturer  on  Practical  Chemistry, 
on  Mineralogy,  and  on  Chemistry  applied  to  the  Arts  and  Manu- 
factures, Member  of  the  Royal  Irish  Academy,  Fellow  of  the  Lin- 
liaean  Society,  Member  of  the  Royal  Academy  of  Sciences  at 
Berlin,  &c.  &c. — London,  1815. 

.  This  contains  a  perspicuous  and  popular  view  of  the  subject,  and 
may  be  of  considerable  utility  to  those  who,  without  being  ac- 
quainted with  chemistry,  wish  to  have  some  general  notion  of  the 
nature  of  gas  lights. 
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Account  of  the  Labours  of  the  Class  of  Mathematical  and  Physical 
Sciences  of  the  Royal  Institute  of  France  during  the  Year  1814. 

{Continued  from  p.  149.) 

•  M.  Auguste  de  St.  Hilaire,  several  considerable  botanicR^ 
tations  by  whom  we  have  formerly  mentioned,  has  given  u 
year.^oa  different  families  of  plants,  in- whlcU  iVi^  \i\doei 


I 

I 


rs  'of  Philosophical  Societies. 
to  say,  tlie  part  of  the  fruit  to  wliicli  ilie  grains  adhere,  is  simple, 
and  placed  in  the  middle  of  the  fruii,  like  a  columu  or  an  axis. 

When  the  summit  of  this  column  is  free,  the  way  by  which  the 
Jiiflueot-e  of  the  pollen  is  transmitted  from  the  pistil  to  the  seeds, 
.appears  <o  he  very  complicated,  and  to  be  by  metins  of  vessels  whicli 
run  along  ihe  fruit  itself  tu  penetrate  the  placenta  at  its  base,  and 
^o  to  the  scL'ds  side  by  side  of  the  nourishing  vessels.  Such,  in 
^et,  is  the  direction  of  these  ve5s<;ls  in  the  ammanlacece,  according 
.to  M.  de  S(.  Bilairc.  But  this  obsen'er  has  remarked  that  in  most 
flaata  ,ot'  tlie  category  which  he  studies,  and  particularly  in  the 
primidacece,  the  portulacece,  the  caryopliyUeee,  fecundation  takes 
place  in  a  more  dii-ecl  way.  For  this  purpose  there  exists  at  first 
very  fine  vessels,  i>roceetling  from  the  base  of  the  style  to  ilie 
summit  of  the  placenta.  These  filaments  are  destroyed  after  fectin- 
dation,  and  then  only  the  summit  of  the  placenta  becomes  free. 

M.  de  Si.  Hilaire  conceives  also  that  there  always  exists  a  point 
or  a  pore  diflFcrcnt  from  the  umbilicus,  by  which  the  fecundating 
vessels  arrive  at  the  grain,  and  to  which  M.  Turpin,  as  we  have 
mentioned  in  one  of  om'  preceding  reports,  has  given  the  name  of 
tnicrofiile. 

The  part  of  M.  de  St.  Hilaire's  memoir  which  is  purely  botanical 
preseots  many  detailed  observations  (unfortunately  scarcely  suscept- 
ible of  analysis)  on  the  particular  characters  of  certain  plants  of  the 
^milic^  that  he  examined,  some  of  which,  in  his  opinion,  ought  to 
serve  as  types  for  new  genera,  and, others  ought  to  pass  intoiaiiiilies 
different  from  those  in  which  incomplete  observations  have  liitherto 
placed  them. 

'ITiepisang  plantain,  or  fig-tree  of  .\rlam,  Is  an  herbaceous  plant 
of  the  height  of  a  tree,  very  remarkable  for  the  enormous .siiie. of 
its  leaves,  and  celebrated  for  the  utility  of  its  fruits,  which  furnishes 
/  to  the  inhabitants  of  tlie  torrid  zone  one  of  the  principal  articles  o( 
their  food.  The  cultivation  of  it  has  multiplied  the  varieties  to  siicb 
a  degree,  that  there  are  probably  as  many  sorts  as  we  possess  oi 
apples  or  pears  ;  and  it  is  equally  diflicult  to  distinguish  among 
them  the  primitive  species.  Accordingly  botanists  differ  very  much 
in  their  enumeration  of  the  species,  and  in  the  characters  which  they 
assign  to  them. 

M.  Desvaux,  who  has  collected  all  that  observers  say  of  the  dif- 
fei^nt  plantains,  of  the  diflereuce  sf  their  fruits  and  of  their  uses, 
thinks  that  there  are  +i  varieties  in  the  common  species,  or  musa 
paradlsiaca  of  Linnieus;  and  three  distinct  species  of  tills  plant, 
napiely,  \\\e  mma  sapimtum,  Lin.  the  mma  occinea,  pretty  eommou 
at  present  in  our  green-houses,  and  the  enscle,  described  by  Bruce 
in'^s  Jpuniey  to  the  Sources  of  the  Nile. 

The  fig  is  a  tree,  the  fruit  of  which  has  undergone  still  greater 
modifiautions  by  culture  than  the  plantain.  M.  le  Marijuis  de 
Suffren,  who  lives  in  Provence,  a  country  anciently  celebrated  for 
tli^  goodness  of  its  figs,  fierceiving- that  the  cultivators  and  pro-' 
prJeCors are  a^r  from  knowing  all  the  good  vaiietles,  which  are  suit- 
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able  to  csch  soil  and  each  exposure,  and  that  they  do  not  draw  froi 
tijat  precious  tree  all  the  advantages  whkh  might  be  obtained,  has 
undertaken  to  examine  and  deseiitie  with  attention  ibe  dilferent  figs 
cultivated  on  the  coasts  of  the  Mediterranean,  from  Genoa  to  Per- 
pignan.  He  has  already  collected  coloured  figures,  and  made  an 
exact  description,  of  172  varieties;  and  bis  general  review  is  not 
yet  terminated,  as  he  has  not  exhansted  ihe  wliole  of  Provence,  and 
DAS  not  yet  visited  the  coast  of  Languedoc. 

The  part  of  this  undertaking  which  bas  been  communicated  to 
(he  Class  announces  a  work  which  wilt  be  very  useful  to  our  southern 
departments,  especially  if  the  author  add  the  requLtite  details  re- 
i^>ecting  tlie  leaves  and  buds,  and  if  he  compiele  the  characters " 
accurate  comparisons  of  the  ditTerent  varieties  with  each  other. 

M.  Thiebaut  de  Uerneaux,  who  proposes  lo  give  a  French  trat. 
lation  of  the  works  of  Theopbrastus,  and  who,  in  order  to  knorV 
more  accurately  the  plants  of  whicli  that  celebrated  successor  of 
Aristotle  has  spoken,  has  planned,  and  partly  executed,  journeys 
into  the  countries  where  these  vegetables  grow,  has  presented  to  the 
Class  some  of  the  results  which  he  has  already  obtained,  not  od17> 
respecting  the  species  indicated  by  Theophrasius,  but  likewise  ""* 
specting  those  about  wbicli  there  is  question  in  the  other  Greek 
Latin  authors. 

Thus  the  ckara,  which  the  soldien  of  Csesar  discovered  so  ha] 
pily  under  tiie  walls  of  Dyrracbium,  and  the  roots  of  which  p« 
served  them  from  famine,  deserves  to  be  ascertained.  At  preset 
this  name  is  given  to  a  small  aquatic  plant,  which  certainly  is  i 
callable  of  nourishing  any  person:  and  respecting  ibc  chara 
CfBsar,  there  are  almost  as  many  opinions  as  there  arc  botanists 
have  attended  to  the  subject. 

M.  de  Berneaux,  after  having  examined  and  eliminated  succt 
ively  all  liieae  opinions,  suggests  one,  of  which  Cluvius  alone  hai 
some  suspicion.     He  shows  that  the  chara  must  be  a  species 
cabbage,  and  tJiinks  that  it  was  the  plant  known  at  present  by  tl  _ 
name  of  cramhe  tarlaria.     Tliis  plant  grows  abundantly  in  the  ea^' 
virons  of  Dyrracbium,  and  in  all  Hungary  and  Turkey.     Its  roots* 
are  very  long  and  large,  firjn,  and  of  a  good  taste,  which  are  eaten^ 
both  raw  and  boiled  in  all  the  countries  of  which  we  have  spokeoj 
and  which  are  of  great  importance  in  times  of  scarcity. 

Several  Latin  authors  distinguish  by  the  name  of  ulva  difTerent 
marshy  plants ;  but  they  distinguish  particularly  by  that  name  on<r 
plant,  which  furnishes,  tbey  say,  excellent  food  for  sheep.  Afi* 
among  aquatic  plants  there  is  scarcely  any  other  than  the  J'estuati 
fiuitans,  which  is  sought  after  by  sheep;  and  as  this  grass  covers 
great  part  of  the  marshes  in  Italy,  M,  de  Berneaux  conceives  thi 
it  constitutes  that  peculiar  species  of  ulva.  He  shows  that  all  tbi(< 
parages  in  which  it  is  mentioned  apply  very  well  to  the  festucK.' 
ne  shows  also  that  this  is  the  grass  wliich  Theopbrastus  and  the' 
Greeks  distinguished  by  the  name  of  typha. 
The  ancients  boast  much  of  the  useful  properties  of  the 
Vox..  VL  N^  JJI.  P 
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but  they  describe  it  only  imperfectly ;  and  tlie  modems  have  formed 
different  opinions  respecting  ihe  plant  to  which  the  name  should  be 
applied.  Some  have  liupposed  it  to  be  the  inedicago  arliorea.  M. 
de  Bcrneaux,  vvlia  has  made  an  elaborate  examination  of  the  sub- 
ject, thinks  that  it  is  the  cytisus  lalntmum.  But  as  Pliny  speaks 
clearly  of  this  tree  under  the  name  of  laburnum,  and  as  he  con- 
dders  it  as  different  from  the  cytisus ;  and  as  some  parts  of  the  de- 
icription  which  Dioscorides  gives  of  the  cytisus  does  not  agree  with 
it  entirely;  it  would  seem  that  M.  de  Berneaux'  opinion  on  tbb 
subject  is  still  attended  with  difficulties.  Wbat  is  always  of  great 
importance  in  such  disiiussions,  neither  Pliny  nor  the  other  ancient 
natui'olists  were  so  accurate  that  they  may  not  sometimes  speak  of 
the  same  plant  under  different  names,  or  of  differeut  plants  under 
the  same  name. 

M.  Dutrochet,  a  physician  at  Chateau- Re naud,  interesting  obser- 
vations by  whom  on  the  egg  of  ihe  viper  we  mentioned  in  1812, 
has  generalized  his  researches,  and  has  presented  the  results  to  the 
Clais  in  a  memoir  on  the  envelopes  of  the  fcetus.  We  shall  here 
communicate  some  of  the  propositions,  remarking  that  they  have 
not  yet  been  constated  by  the  instilute,  because  circumstances  did 
not  permit  them  to  investigate  the  subject  in  the  season  which  would 
have  been  suitable  for  the  purpose;  yet  an  extract  of  this  memoir 
must  be  gratifying  to  physiologists,  and  may  occasion  new  observa- 
tions on  a  subject  obscure,  though  interesting. 

The  autiior  says  that  he  has  obsened  that  at  first  the  fcetus  en- 
closed in  the  egg  has-  an  opening  at  its  abdominal  walls  and  it* 
amnios,  through  which  passes  an  extension  of  the  bladder,  which 
forms  the  chorion  and  the  middle  membrane  ;  so  that  the  umbilical 
vessels  are  only  a  production  of  those  of  the  bladder.  According  to 
him,  the  egg  of  reptiles  is  a  vliellus  deprived  of  albumen,  and  in 
the  viper  the  membrane  of  the  cock  of  an  extreme  thinness  disap- 
pears about  the  middle  of  the  gestation,  and  then  the  naked  chorion 
contracts  adhesions  with  the  oviducts  wiihout  forming  a  true  pla- 
centa. Thus  this  membrane  of  the  ct^ck  would  be  analogous  to  the 
memlrana  caduca  of  mammiferous  animals.  He  affirms  that  the 
tadpole  does  not  tlirow  off  its  skin  in  order  to  undergo  a  metamor- 
phosis, but  that  the  anterior  feet  pierce  that  skin,  that  the  jaws  tear 
It,  and  the  openings  cicatrize.  The  egg  of  the  frog,  and  of  this 
class  of  anirnats  in  general,  is  a  vitellus,  the  emulsive  matter  of 
vhich  is  contained  in  the  intestine  itself,  which,  at  first  globular,  is> 
elongated  by  degrees  in  a  spiral  tube,  such  as  we  see  it  in  the  tad- 
pole. M.  Dutrochet  has  likewise  very  particular  ideas  about  the 
respiration  of  the  fcelus,  and  particularly  about  the  broncbies  of 
tadpoles,  which  he  considers  as  placed  in  the  cavity  of  the  tym- 
panum. We  shall  speak  of  them  at  greater  length  when  it  shall  he 
ID  our  power  to'verify  them,  and  to  throw  some  light  on  their 
nature. 

Comparative  anatomy  had  not  determined  the  nature  of  the  re- 
^irato^  organs  of  the  cloport«.    It  was  known  that  these  a  * 
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have  an  analogous  structure  with  crustaceous  animals.  There  was 
reason  to  believe  that  the  plates  placed  under  their  skin  were  sub- 
servient to  their  respiration^  as  tney  are  in  the  fresh  water  shrimpSf 
which  approach  very  nearly  to  the  cloportae.  But  the  fact  remained 
to  be  established^  and  an  apparatus  remained  to  be  shown^  either  at 
their  sur&ce,  or  in  their  interior,  proper  for  this  function. 

M*.  Latrcillc,  Correspondent,  who  has  been  lately  named  a 
member  of  the  Class,  has  filled  up  this  gap  in  zoology.  He  has 
shown  on  four  of  the  plates  in  question  a  little  yellow  part,  pierced 
with  a  hole,  and  containing  within  it  small  filaments,  a  part  which 
he  compares  to  those  which,  though  differently  placed  in  the  spiders 
and  scorpions,  have,  however,  an  analogous  structure,  and  fulfil  the 
same  function.  However,  notwithstanding  this  partial  resemblance, 
and  notwithstanding  the  existence  of  a  sort  of  spinning  apparatus, 
which  he  has  observed  in  the  cloportae,  and  which  is  analogous  to 
that  of  the  spiders,  M.  de  Latreille  still  leaves  the  cloportse  aniong 
the  crustaceous  animals,  on  account  of  the  much  more  numerous 
relations  which  they  have  to  that  class. 

The  insects  have  for  a  long  time  been  divided  into  two  categories, 
according  to  the  structure  of  their  mouth  ;  one  set  having  jaws  well 
developed,  and  capable  of  dividing  solid  food;  and  another  having 
only  a  kind  of  sucker,  fit  only  to  draw  in  liquids.  There  are  some 
insects  which  at  different  periods  of  their  life  have  each  of  these 
forms  of  mouth,  and  which  become  suckers  in  their  perfect  state; 
though  they  were  bruisers  or  chewers  in  their  state  of  larvae.  Such, 
for  example,  are  the  butterflies,  which  employ  for  nourishment  a 
double  trump,  usually  in  a  spiral  form,  which  they  unroll  to  intro- 
duce into  the  bottom  of  the  corolla  of  flowery,  and  to  suck  up  the 
nectar  there  contained.  While  the  caterpillars,  which  are  merely 
butterflies  not  yet  developed,  have  moutlis  armed  with  strong  man- 
dibles, with  which  they  cut  the  hardest  leaves.  It  was  believed  that 
the  caterpillar,  on  assuming  the  wings,  the  long  feet,  the  beautiiful 
antennae  of  the  butterfly,  assumed  also  its  trump,  and  lost  entirely 
its  Jaws. 

M.  Savigny,  Member  of  the  Institute  of  Egypt,  has  proved  by 
delicate  and  long  continued  researches  that  this  is  not  entirely  the 
case;  but  that  Nature  in  this  circumstance,  as  in  many  others, 
confines  herself  to  diminish  certain  parts,  and  to  increase  others, 
and  that  she  arrives  at  effects  entirely  opposite  by  this  simple  change 
of  proportions.  He  has  discovered  at  the  bottom  of  the  trump  of 
butternies  two  organs  exceedingly  small,  but  which  represent  the 
mandibles  of  the  caterpillars.  At  the  back  of  the  support  of  this 
same  trump  he  has  found  two  very  small  threads,  which  appear  to 
him  analogous  to  the  maxillary  palp«e ;  so  that  the  two  plates  of 
which  the  trump  is  composed  are,  according  to  M.  Savigny^  th^ 
extremely  elongated  points  of  the  maxillae,  that  is  to  say,  of  the 
inferior  pair  of  jaws.  Finally,  the  great  palpse  known  ^'  ^atu- 
xalists  are  the  palpae  of  the  inferior  lip.    The  two  si;  lary 
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T  palpie  had  been  already  observed  in  some  moths ;  but  it  is  to  M. 
I  Savigny  that  wc  owe  the  knowledge  that  they  exist  in  the  whole 
I  ftmily.     This  sblllul  observer  has  likewise  established  a  marked 
[  analogy  between  the  silk  and  some  other  small  pans  wliich  usually 
accompany  the  sucker  of  insects  with  two  wings,  and  the  mandiblet) 
iind  majiiliie  of  chewing  insects ;  so  that  the  structure  of  this  nu' 
merous  class  of  animals  offers  in  this  important  part  of  its  organiza- 
lion  an  uniformity  more  satisfactory  than  had  been  hitherto  sup- 
posed. 

M.  Savigny  has  likewise  examined  the  mouth  of  insects  which 
Join  to  jaws  evidently  discoveraltle  as  such  a  trump  formed  by  the 
prulongaiion  of  the  under  lip.  Hie  most  remarkable  of  these  insects 
are  the  bees.  It  was  supposed  that  the  opening  of  the  pharynx  was 
situated  below  this  trump  and  that  lip,  while  in  the  ordinary  chewers 
ft  is  situated  above.  But  this  was  a  mistake.  The  pharynx  is  always 
■;  bn  the  base  of  the  trump,  and  it  is  even  environed  with  parts  inte- 
resting to  know,  and  of  which  M.  Savigny  has  given  a  description. 
His  memoir  is  dcitiued  fur  ihe  great  work  on  li^ypt,  the  termina- 
tion of  which  we  shall  soon  owe  to  the  generous  munificence  of  the 
King. 

M.  Cuvier  has  examined  another  class  of  animals,  whose  mouth 
presents  likewise,  at  least  in  apixaranec,  numerous  anomalies; 
namely,  fishes.  We  find  in  them  at  bottom  all  the  parts  which 
1>elong  to  the  mouth  of  quadrupeds ;  but  some  of  them  are  more  '- 
subdivided,  and  a  part  of  their  subdivisions  are  sometimes  reduced 
to  so  small  a  size,  that  they  cannot  fulfil  their  functions,  and  that  it 
is  even  difficult  to  perceive  them.  By  far  the  greater  number  of 
fishes  have  intermasillaries  and  maxitlarJes  that  are  very  visible ;  but 
these  bones  differ  much  from  each  oilier  in  proportion.  The  maxll- 
laries  especially  sometimes  make  a  part  of  the  hoKler  of  the  jaw, 
and  carry  the  teeth ;  sometimes  they  are  placed  more  behind,  and 
carry  no  teeth  ;  from  which  circumstance  ichthyologists  have  not 
recognized  them  for  what  they  are,  but  have  called  them  mystacca 
or  labial  bones.  These  diflerences  furnish  the  author  with  generic 
characters  very  convenient  for  forming  a  more  natural  distribution 
of  the  specter;  but  they  cannot  serve  to  distinguish  the  orders.  For 
this  last  object  M.  Cuvier  has  recourse  to  more  striking  ditTcrences, 
such  as  the  coalition  or  sector  of  the  masillarles  to  the  intermaxil- 
laries,  which  lakes  place,  for  example,  in  the  letradoiis,  the  coffres, 
the  balislee ;  or  the  disappearing  of  the  one  or  the  oiher,  and  the 
obligation  in  which  Natiire  is  to  employ  ihe  pulaiine  bones  to  form 
the  upper  jaw.  This  we  observe  m  ilie  ray,  the  shark,  aud  the 
other  chondropttrigiee. 

The  author  was  unable  to  discovei'  other  characters  than  these  to 
establish  a  first  distribution  of  the  ckss  of  fishes,  lu  consequence, 
he  phces  among  ordinary  fishes  the  genera  which,  having  the  same 
structure  of  mouth  and  bronchia;,  had,  however,  been  placed 
among  cartilaginous  fishes,  on  account  of  some  singulHritici in  thinr 
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extttnnl  form,  or  because  tbeir  skeleton'hardens  a  little  more  slowly 
tluiti' the  oAers.*  Such  are  the  cenlmques,  the  baudrai/es^  the 
cifd^iereSf  the  lepadogastereSf  &c.    . 

-  'M;  CuTier  has  rounoed  on  these  views,  and  on  other  similar  ones, 
diepeeuliar  method  according  to  which  the  fishes  will  be  arranged 
in  the  work  which  he  is  prepanng  on  comparative  anatomy. 

'  Tlie  same  naturalist  has  presented  to  tne  Class  researches  on  a 
pretty  oonsiderable  number  of  fishes  which  he  has  observed  in  three 
journeys  made  at  three  difierent  times  on  the  coast  of  the  Mediter- 
ranean. Some  of  them  are  new ;  some  of  them  had  been  wrong 
placed,  or  wrong  named,  by  authors.  Several  have  offered  inte- 
resting observations  relative  to  their  structure,  or  occasioned  the 
establishment  of  new  genera,  or  the  subdivision  of  old  genenu 
These  details  cannot  enter  into  a  report  of  this  kind ;  but  naturalists 
will  And  .them  in  the  first  volume  of  the  Memoin  of  the  MuseunI 
of  Natural  History,  of  which  a  part  lias  already  appeared. 
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Article  XIII. 

SCIENTIFIC   INTELUGKNXE;   AND   NOTICBS  OF  SUBJECTS 

CONNBCTKO  WITH  SCIKNCS. 

I.  Lectures, 

Medical  Theatre,  St.  Bartholomew's  HospitaL-^The  following 
Courses  of  Lectures  will  be  delivered  at  this  theatre  during  tlie 
ensuing  winter  : — On  the  Theory  and  Practice  of  Physic  ;  by  Dr. 
Hue.— On  Anatomy  and  Physiology;  by  Mr.  Abernethy. — On  the 
Theory  and  Practice  of  Surgery;  by  Mr.  Abernethy. — On  Che- 
mistry; by  Dr.  Hue. — On  Midwifery;  by  Dr.  Gooch.--Anatonucal 
Semoostrations ;  by  Mr.  Stanley.  The  Anatomical  Lectures  will 
commence  on  Monday,  Oct.  2,  at  two  o'clock. 

Medical  School  of  St,  Thomas's  and  Guy's  Hospitals. — ^The 
,  Autumnal  Courses  of  Lectures  at  these  adjoining  Hospitals  will 
commence  the  beginning  of  October,  viz.: 

At  St.  Thomafs. — ^Anatomy  and  the  Operations  of  Surgery ;  by 
Mr.  Astley  Cooper  and  Mr.  Henry  Cline. — Principles  and  Practice 
of  Suigery  ;  by  Mr.  Astley  Cooper. 

At  Guy's. — Practice  of  Medicine ;  by  Dr.  Babington  and  Dr. 
Curry. — Chemistry ;  by  Dr.  Babington,  Dr.  Marcet^  and  Mr. 
Allen. — Experimental  Philosophy;  by  Mr.  Allen. — ^Theory  of  Me- 
dicine, and  Materia  Medica ;  by  Dr.  Currv  and  Dr.  Cbolmeley  -^ 
MidwifeiT,  and  Diseases  of  Women  and  Children ;  by  Dr.  Haigh- 
ton« — Physiology,  or  Laws  of  the  Animal  Economy;  by  Dr. 
Haighton. — Structure  and  Diseases  of  the  Teeth ;  by  Mr.  Fox. 

N.  B.  These  several  lectures  are  so  arranged^  l\\al  uo  .Vnq  qI  ^^xsw 
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interfere  in  the  Iiours  of  attendance ;  and  the  whole  ig  calculated  to 
form  a  complete  Course  of  Medical  and  Chirurgkal  Instruction. 

Dr.  Clutterbiick  will  begin  his  Autumn  Course  of  Lectures  on 
the  Theory  and  Practice  of  Physic,  Materia  Medica,  and  Chemistry, 
on  Wednesday,  Oct.  4,  «t  ten  o'clock  in  the  looming,  at  his  lious'e. 
No.  I,  in  the  Crescent,  New  Bridge-street,  Blackfriars. 

Dr.  Clarke  and  Mr.  Clarke  will  commence  their  Lectures  on 
Midwifery,  and  the  Diseases  of  Women  and  Ciiildren,  on  Wed- 
nesday, Oct.  6,  The  lectures  are  read  every  morning  from  a 
quarter  past  len  to  a  quarier  past  eleven,  for  the  convenience 
btudeots  attending  tlie  hospitals. 

IL  fiew  Mode  of  manufadw-'mg  Hemp  and  Flax. 
About  two  years  ago  Mr.  Lee  took  out  a  patent  for  obtaimil^ 
liemp  and  flas  directly  from  the  plants  hy  a  new  method.  He  has 
established  a  manufactory  for  the  purpose  at  Old  Bow,  on  the  river 
Lea,  near  London,  where  his  method,  and  the  result  of  it,  may  be 
_Been.  I  consider  Mr.  Lee's  invention  as  the  greatest  improvement 
ever  introduced  into  the  linen  business,  and  as  likely  to  occasion  a 
tola!  change  in  the  whole  of  our  bk-ach-fields.  Hitherto  the  only 
way  of  obtaining  liemp  and  flax  has  been  to  steep  the  plants  in  water 
till  they  begin  to  rot.  ,  They  are  then  esposed  for  some  days  to  the 
sun  spread  out  upon  the  grass,  after  which  the  woody  part,  now 
become  very  brittle,  is  removed  by  the  flax  mill,  the  nature  of 
which  is  too  well  known  to  require  any  description.  By  these  pro- 
cesses the  fibres  of  the  flax  are  weakened,  and  a  considerable  portion 
.of  them  is  altogether  destioyed  and  lost.  The  flax,  too,  acquires 
a  greenish  yellow  colour,  and  it  is  well  known  that  a  very  expensive 
and  tedious  bleaching  process  is  necessary  to  render  it  white,  Mr. 
liee  neither  steeps  his  flax,  nor  spreads  it  on  the  grass.  When  the 
plant  is  ripe,  it  is  pulled  in  the  usual  way.  It  is  then  thrashed,  by 
placing  it  between  two  grooved  wooden  beams  shod  with  iron.  Oae 
|-of  these  is  fixed  ;  the  other  is  suspended  on  hinges,  and  is  made  to 
.  impinge  with  some  force  on  the  fixed  beam ;  the  grooves  in  the  one 
I  beam  corresponding  with  flutes  in  the  other.  By  a  mechanical 
Contrivance  almost  exactly  similar,  the  woody  matter  is  beaten  oW, 
and  the  fibres  of  flax  left.  By  passing  these  through  hackles.  Tail- 
ing progressively  in  fineness,  the  flax  is  very  speedily  dressed,  arid 
."rendered  proper  for  the  use  for  which  it  is  intended.  The  advan- 
tages of  this  process  arc  manifold.  The  espense  of  steeping  and 
_  spreading  is  saved ;  a  much  greater  produce  of  flax  is  obtained  ;  it 
■  is  much  stronger  ;  the  fibres  may  be  divided  into  much  finer  fibres, 
so  as  to  obtain  at  once,  and  in  any  quantity,  flax  fine  enough  for 
the  manufacture  of  lace.  But  the  greatest  advantage  of  all  remains 
yet  to  be  stated.  Flax  manufactured  in  this  manner  requires  only 
to  be  washed  in  pure  water  in  order  to  become  white.  The  colour- 
ing matter  is  not 'chemically  combined  with  the  fibre,  and  therefore 
is  removed  at  once  by  water.  It  is  the  steepng  of  the  flax  and  hsaap, 


which  uDites  the  colouring  matter  with  the  fibr«^  and  renders  the 
•iibaequeut  bleaching  process  necessary.  Thus,  hj  Mr.  Lee^t 
process,  flax  and  hemp  are  obtained  in  much  greater  quantity,  of 
Bach  stronger  quality,  and  much  finer  in  the  fibre  than  by  the 
common  method,  and  the  necessity  of  bleaching  is  altogether 
superseded.  The  great  importance  of  such  an  improvement  most 
be  at  once  obvious  to  every  one. 

ni.  Thiffnomeier. 

(To  Dr.  Thomson.) 
MY  DEAR  SIR,  July  U,  1815. 

In  consequence  of  a  bill  that  is  coming  before  the  House  of 
Conimons  for  the  universal  regulation  of  weights,  I  beg  leave  to 
suggest,  through  your  Journal,  my  ideas  for  the  regulation  of  the 
thermometer  and  pyrometer,  which  is  so  different  as  to  require^ 
when  reading  off  various  temperatures,  some  calculation  before  yoU 
can  perfectly  understand  it ;  beside  the  liability  of  mistake  that  tnay 
arise  from  quoting  different  thermometers,  as  Fahrenheit,  Reaumur, 
&c.  My  ideas  on  the  subject  are  for  all  thermometers  to  begin  with 
O9  or  zero,  for  water  just  freezing  (as  I  do  not  see  any  reason  why  it 
should  be  called  S2^),  and  continue  it  down  to  mercury  freezmg, 
and  upwards  to  water  boiling,  which  might  be  called  200^,  as  there 
would  then  be  only  20^  difference  between  the  present  nominal 
temperature  of  boiling  water  and  the  new  one ;  and  also  to  continue 
it  upwards  as  high  as  mercury  would  admit,  which,  for  example^ 
say  500^.  The.pyrometer  (Wedgwood's)  might  then  commence  by 
calling  the  fint  degree  1^,  equal  to  501^  of  the  mercurial.  The 
degrees  of  temperature  would  be  then  understood  by  the  me^re 
HBmber  written,  without  the  addition  of  Fahrenheit  or  Reaumtir, 
&c.  and  the  higher  degrees  would,  by  comparison  with  the  numbers 
of  the  lower,  be  easier,  as  the  equivalent  of  Fahrenheit  to  any  de* 
gree,  say  50®  of  Wedgewood,  is  known  to  very  few.  I  think  it  might 
perhaps  be  an  improvement  to  make  the  mercurial  thermometers  ia 
.two  scales ;  that  is,  one  up  to  220®,  or  thereabouts,  for  common 
purposes ;  and  the  other  to  500®,  or  any  other  number  that  may  be 
thought  proper.  I  merely  beg  leave  to  suggest  the  above  ideas,  as 
I  am  thoroughly  aware  it  must  be  a  matter  of  courtesy  whether  the 
foreign  chemists  will  adopt  it,  when  made,  in  preference  to  Reaumur 
or  Celsius;  as  the  great  use  of  the  improvement  would  be  materially 
done  away  with  by  their  refusing  the  use  of  it ;  and  I  know  no 
means  so  likely  to  bring  it  into  use  as  coming  from  you,  through  the 
medium  of  your  Annals  of  Philosophy.  If  you  consider  the  above 
reaiarks  worthy  a  place  among  a  number  of  far  more  worthy  papers, 
I  shall  feel  myself  honoured  by  your  compliance. 

I  remain.  Sir,  yours  respectfully, 

R.  W. 

P.S.  In  a  paper  which  I  sent  you  some  time'  since,  I  *^ 

'S0me  eicperiments  with  regard  to  dote  nature  of  be«i^  i  i 
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%ometsi  which  1  have  not  yet  had  time  to  complete,  except  with 
respect  to  hornets.  Their  cehs  I  have  every  reason  to  suppose  are 
composed  of  a  single  layer  or  division  only  ;  for  as  they  arc  mode  of 
large  pieces  (about  tlie  size  of  a  pin's  head)  of  rotten  wood,  the 
same  pieces  may  be  scun  on  both  iides  of  the  cell  i  which  retiites 
i)r.  Barclay's  ideas  of  their  being  composed  of  two  layers  Muck 
together  by  an  animal  glue. 

■  The  different  graduation  of  thermometers  in  various  countries  Is 
certainly  an  inconvenience;  but,  like  the  different  weights  and 
measures,  it  is  an  inconvenience  hardly  eapable  of  being  remedied. 
•Fahrenheit  was  the  first  person  wlio  employed  mercury  in  ihermo- 
meters,  and  who  made  them  accurately  corresponding  with  each 
other.  His  two  fixed  points  were,  the  temperature  of  boiling  water, 
and  the  temperature  produced  by  mixing  together  snow  and  sal- 
ammoniac.  He  conceived  the  mercury  to  be  divided  into  11,124 
parts  when  surrounded  with  snow  and  sal-ammoniac.  When  put 
into  boiling  water,  he  found  that  it  expanded  so  much  as  to  be  equal 
to  11,134  +  212  parts.  On  that  account  he  divided  the  interval 
l>etween  the  two  points  into  212  parts  or  degrees.  He  marked  th« 
lowest  0,  and  the  other  212;  so  that  the  degrees  of  Fahrenheit 
denote  not  only  the  temperature,  hut  the  expansion,  of  mercury 
from  Wis  zero  to  the  point  indicated.  Thus  32"  is  the  freezing  point 
of  water,  and  t^-.V?-  's  the  expansion  which  the  mercury  undergoes 
where  heated  from  0  to  32°.  This  indication  of  the  ejipansion  is  an 
advantage  which  no  other  thermometrical  scale  |X)ssesses;  and  ought, 
I  think,  to  induce  us  to  pause  before  we  resolve  to  Jay  it  aside.  Tlie 
.  ilecimal  scale  wants  this  advantage,  though  it  possesses  some  others 
cf  considerable  importance.  De  Luc  informs  us,  in  his  Recherches 
«ir  les  Modifications  de  i'Atmospiiere  (t.  i.  p.  343),  that  what  is  at 
present  called  the  centigrade  thermometer  was  in  common  use  in 
London  when  he  wrote.  His  tiook  was  published  in  1772.  If  this 
was  the  case,  it  would  be  curious  to  know  what  induced  the  British 
philosophers  to  abandon  it,  1  cannot  find  that  anysuch  thermometer 
-  is  employed  by  the  writers  In  the  Philosophical  Transactions. 

The  only  possible  means  of  changing  our  thermometer  would  be 
lo  persuade  the  makers  to  alter  the  graduation.  If  botli  the  cen- 
tigrade and  Fahrenheit  divisions  were  marked  on  the  scale,  1  think 
.  it  would  be  an  improvement, 

IV.  Chemical  Niymenclatu^e, 

f  (Tu  Dr.  Thoaion.) 

SIR, 

As  a  philosophical  journalist,  you  are  in  some  degree  Invested  with 
the  character  of  arbiter  of  technical  nomenclature;  and  as  eheraisis 
are  indebted  to  you  for  the  introduction  of  the  useful  terms  prot- 
oxide,  &c.  you  may  do  some  good  by  protesting  against  the  intro- 
duction of  similar  terms  leading  to  confusion  instead  of  perspicuity. 
.  1  weaa  ^osulphato  procWoride,  .&c.     Surely  writers  need  QOt  he 
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to:9pmfsg  of  their  pens  as  to  omit  the  short  syllable  which  would 
give- the  word  its  true  meaning :  proto  is  intelligible  :  the  other  may 
be  taken  for  the  Latin  word  pro.  In  another  respect,  however,  the 
term. is  objectionable  ;  for  even  if  written  ^o^osulphate,  it  would 
acem  to  denote  a  subsulphate,  though  it  is  meant  to  stand  for  sul- 
phate of  protoxide.  A  regular  use  of  the  modern  self-explanatory 
nomenclature  is  extremely  useful:  a  careless  use  of  it  renders  the 
terms  worse  tlian  arbitrary. 

Afe  you  aware  that  the  word  complement  hks  sometimes  tlie  word 
tomplmeni  substituted  for  it  in  the  Atmals :  also  the  word  radicle^ 
for  rtuUcal  f  It  would  puzzle  a  botanist  to  find  radicle  applied  to 
muriatic  acid;  though  radical,  an  adjective,  used  substantively, 
(Would  at  once  be  understood  to  mean  the  radical  base. 

Your  obedient  servant^ 

Speculator. 

«  • 

If  my  Correspondent  pay  the  requisite  attention  to  the  present 
fondness  for  netv  words,  by  which  chemists  and  mineralogists  in 
general  arc  actuated,  he  will  speedily  be  convinced  that  any  remon- 
strance on  my  part  would  have  little  effect  in  stemming  the  current. 
The  terms  prosulphatef  persulphate,  &c.  do  not  strike  me  as  so 
objectionable  as  tbey  do  my  Correspondent.    It  is  now  well  known 
that  in  a  great  variety  of  cases  more  tlian  one  oxide  of  the  same 
metal  is  capable  of  combining  with  acids.  Thus  both  the  black  and 
jhe  red  oxide  of  iron  combine  with  sulphuric  acid.    It  is  necessary 
to  distinguish  each  of  these  salts  by  a  name ;  and  no  nnode  seems 
simpler  or  more  natural  than  to  prefix  to  the  old  name  of  the  salt 
the  first  sellable  of  the  respective;  names  of  the  oxides.   If  the  black 
oxide  of  iron  be  called  protoxide,  then  the  combination  of  it  with 
sulphuric  acid  may  be  known,  without  ambiguity,  by  taking  its  first 
syllable  pro  and  prefixing  it  to  sulphate  of  iron.  Prostdphate  of  iron 
means  a  compound  of  sulplmric  add  and  protoxide  of  iron.    ProtO' 
sulphate  of  iron  I  think  more  objectionable,  because  proto  is  not  the 
first  syllable  of  the  word  protoxide.  In  like  manner,  the  perstdphate 
of  iron  means  a  combination  of  sulphuric  acid  with  the  peroxuia  or 
red  oxide  of  iron.    When  various  proportions  of  an  acid  combine 
with  a  bascj  it  is  now  known  that  these  proportions  follow  a  very 
simple  law.    If  we.  suppose  the  quantity  of  base  fixed^  then  the 
Quantities  of  acid  in  the  super  salts  are  nmltiples  of  the  quantity  in 
tne  neutral  salt ;  namely,  double  or  quadruple.    Thus  in  sulphate 
of  potash,  if  we  denote  the  base  by  a,  and  the  acid  by  b,  the  com- 
position of  supersulphate  of  potash  will  be  a  +  2  i.    What  is  called 
subcarbonate  of  potash  is  composed  of  a  4-  /^  (a  being  the  base,  b 
die  acid),  and  the  crystallized  carbonate  of  a  ^  2  b.    Hence  we 
have  a  simple  mode  of  distinguishing  these  salts.  Let  the  salt  com- 
posed of  a  4-^  be  simply  designated  by  the  old  name,  as  sulphate 
of  potash,  carbonate  of  potash :  let  the  salt  composed  ol  a'+  2  b 
be  dutinguished  liy  prenxing  the  syllable  bis,  or  H,  r-  thus 

bisulphate,  bicarbonate,  binoxalate.    By  using  Latin  i^  vA 
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combinations,  while  Greek  terms  are  employed  for  the  combina- 
tious  of  the  different  oxides,  all  ambiguity  is  avoided.  Both  these 
jnudes  of  naming  I  have  employed  in  the  tables  of  the  salts  pub- 
lished in  the  preceding  numbers  of  the  Annah  of  Philosophy. 

V.  Howard's  Nomenclature  of  Clouds. 

The  same  Correspondent  suggests  the  necessity  of  giving  an  ex- 
planation of  the  terms  employed  by  Mr.  Howard  in  his  Metcorolo- 
eical  Journal  to  denote  the  various  modifications  of  the  clouds,  I 
beg  leave  to  inform  him  that  this  has  been  done  already.  He  wil! 
Bnd  it  in  the  Amioh  of  Philosophy,  vol,  i.  p.  80. 

For  an  explanation  of  ibe  term  polar  hat  ion,  which  he  also  re- 
quests, I  refer  him  to  the  Annals,  vol.  i.  p.  302,  where  he  will  find 
One  already  given. 

VI.  Neuj  Amalgam  of  Mercury. 

I  lately  received  the  following  piece  of  inforiDatiaQ  in  a  letter 
from  M.  Van  Mons  : — 

'  M.  Dobereiner  decomposed  water  in  contact  with  mercury  by 
means  of  the  galvanic  battery.  Oxygen  was  evolved  at  the  positive 
pole,  but  no  hydrogen  from  the  negative  pole.  Instead  of  it  there 
vaa  formed  a  salid  amalgam  of  mercury,  not  decomi)osed  by  agita- 
tion ;  bur,  when  heated,  resolved  into  running  mercury  and  hy- 
drogen gas,  M.  Dobereiner  considers  hydrogen  gas  as  a  metal  dis- 
solved in  caloric,  and  constantly  in  a  state  of  expansion.  The 
absence  of  caloric,  and  the  nascent  slate  of  the  hydrogen,  enable  it 
in  the  above  experiment  to  amalgamate  with  mercury. 

"  M.  Dobereiner  has  likewise  made  sulpbur  undergo  consider- 
able changes,  having  obtained  it  in  the  form  of  a  blue  powder, 
rimilar  to  ultramarine,  by  depriving  it  of  its  hydrogen  by  means  of 
■  process  which  he  does  not  describe.  Phosphorus  changes  into  a 
icaly  matter,  having  the  brilliancy  and  colour  of  gold  when  burnt 
under  a  glass  while  exposed  to  the  direct  rays  of  the  sun."  JH 

VII.  New  Galvanic  Experiment.  '^^| 

(To  Dr.  Tboiason.)  ^H 

91R, 
The  following  experiment  on  animal  galvanism  to  me  is  per- 
fectly new;  if  it  should  be  so  to  you,  perhaps  you  will  give  it  a 
place  in  your  Journal.     At  present  I  shall  merely  state  ihe  experi- 
ment, though  the  importance  I  attach  to  it  arises  solely  from  the 
theory  by  which  it  was  suggested.     After  trying  every  experiment 
meniioned  in  most  systems  of  animal  galvanism,  I  made  a  pile  of 
thin  slices  of  brain  and  muscle,  which  by  a  single  piece  of  metal 
produced  the   most  violent  agitation   in   the  frog,   inconceivably 
greater  than  any  other  usually  exhibited.    It  even  produced  a  slight 
effect  without  any  metal ;  but  I  have  never  been  able  to  succeed  ~~ 
Any  of  Aldini's  experiments  without  metal,  as  he  asserts. 
I  am.  Sir,  yours  most  respectfully, 
Ediahnrsh,  Julj/  SO,  1815,  M., 


1 


]8t9.}  Scientific  IhieUigenoe.  ;S3& 

VIII.  Farther  Queries  respecting  Gas. Lights. 

a  ^ 

(To  Pr.  Thomson.) 
DEAR  SIR, 

Yours  and  Mr.  Accum*8  reply  to  my  queries  respecting  the  method 
of  producing,  illumination  by  gas,  instead  of  lamps  or  candles^  are 
very  satis&ctory.  I  possess  his  new  treatise  on  the  subject ;  but  I 
.do  not  find  any  directions  for  choosing  pipes  of  a  diameter  suitable 
to.produce  a  gi^en  effect.  He  gives  no  rule  concerning  the  diame- 
^ters  ;  nor  does  he  give  sufficient  directions  concerning  the  lime  used 
for  purifying  the  gas.  I  hope  he  will  be  so  obliging  as  to  supply 
Itiese  deficiencies  through  the  medium  of  your  Annals^  stating  at 
the  same  time  the  places  where  pipcS|  &c.  may  be  purchased  on  the 
terms  mentioned  in  his  book.  Mr.  Accum  being  a  chemist,  I  con- 
clude he  does  not  supply  apparatus  of  this  magnitude.  Is  it  Mr.  A.'s 
opinion  that  lighting  a  private  house  in  the  country  by  coal  gas 
jvould  be  less  expensive  than  by  candles  or  oil  ? 

Your  obliged, 

Julif  IT,  1815.  A.  M— K. 

IX.  Crystals  of  Arragonite. 

It  is  we\l  known  that  the  crystalline  form  of  the  arragonite  is 
Afferent  from  that  of  calcareous  spar.  M.  Stromeyer,  after  disco- 
vering the  presence  of  carbonate  of  strontian  in  that  mineral,  con- 
ceived that  the  arragonite  derived  its  crystalline  forms  from  car- 
bonate of  strontian.  But  as  carbonate  of  strontian  had  never  been 
ibond  in  regular  crystals,  that  conjecture  could  not  be  verified. 
G^hlen  has  lately  announced  that  he  and  Professor  Fuchs  observed, 
among  specimens  of  barytes  from  Salzburgh,  crystals  of  carlxmate 
Hf  strontian  having  exactly  the  same  form  as  those  of  arragonite 
(Schweigg^r's  Journal,  xi.  392) ;  so  that  .there  seems  to  be  no  doubt 
that  the  crystalline  figureii  of  carbonate  of  strontian  and  of  arra- 
gonite are  the  same.  But  this  coincidence  of  form  does  not  appear 
to  me  to  clear  up  the  difficulty.  That  one  part  of  carbonate  of 
Strontian  should  oblige  50  or  100  parts  of  carbonate  of  lime  to 
assume  its  own  form  of  crystal  appears  quite  inexplicable.  If  the 
shape  of  the  crystal  depends  upon  that  of  the  integrant  particles  of 
fhe  crystallizing  body,  the  crystallization  should  either  be  confused 
'when  two  different  sets  of  integrant  particles  crystallize  together,  or 
they  must  combine  and  form  a  new  integrant  particle :  1)9  parts  of 
carbonate  of  lime  mixed  with  one  part  of  carbonate  of  strontian 
ought,  one  should  think,  to  assume  the  crystalline  form  of  car-t 
tbonate  of  lime.  The  gres  des  Fontambloisy  which  has  been  consi- 
dered as  similar,  is  not  even  analogous.  In  it  we  have  crystals  of 
calcareous  spar  mixed  with  grains  of  sand  ;  but  in  the  present  case 
both  bodies  must  have  been  in  a  liquid  state^  and  both  are  capable 
of  crystallizing. 
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X.  Comhtistion  of  Carbureted  Hydrogen  Gas. 
\  have  been  requested  to  explain  why  the  sleel-mills,  as  tliey  are 
called  (which  consist  of  a  piece  of  sieel  rubbing  against  a  kind  of 
grind'Blonc,  and  emilting  a  prodigious  number  of  sparks,)  do  not 
set  lire  to  a  mixture  of  carbuieud  hydrogen  gas  and  common  air. 
It  is  not  easy  to  assign  a  very  satisfactory  reason.     The  heat  of  the 
sparks  is  certainly  sufficient  fur  liic  purpose ;  fur  if  you  collect  them 
yon  End  ihem  in  globules  that  have  undergone  fusion.     Now  the 
black  oside  of  iron  will  not  melt,  except  at  a  much  higher  fempe- 
lature  tlian  is  sufficient  to  set  (ire  to  such  a  mixture.     1  never  was 
,   able  to  burn  a  mixture  of  car  buret  ed  hydrogen  gas  and  common  air 
<   by  passing  electric  s|Hirks  ihrnugh  it  ;  but  if  you  bring  a  red-hot 
■  bar  of  iron  in  contact  with  the  mixture,  it  fires  immediately.    Tlicsc 
ftcts  induce  me  tu  suspect  tliat  the  elfect  depends  upon  the  size  of 
'  the   ignited  body.     A  very  small  spark  is  probably  not  capable  of 
' '  impelling  a  sufficient  number  of  particles  of  oxygen  against  a  par- 
ticle of  eaibureied  hydrogen  to  produce  instant  combination,  which 
I  conceive  occasion.'!  the  combustion.     Sometimes  it  is  well  known 
that  the  mixture  is  exploded  by  the  steel -mills.    ]n  such  cases,  I 
conceive,  the  sparks  are  uncommonly  large. 

XI.  Another  Ji;iideni  at  a  Cual-Mine  near  Nencastle. 
On  Monday,  the  3Ist  of  July,  another  melancholy  accident  hap- 
pened at  Messrs.  Nesham  and  Co.'s  colliery,  at  Newbottle,  tn  *ne 
county  of  Durham.  The  projirietors  had  provided  a  powerful  loco- 
moiiwe  steam-engincj  for  the  purpose  of  drawing  10  or  12  coal- 
waggons  to  The  staith  at  one  time ;  and  Monday  being  the  day  it 
was  to  he  put  iji  motion,  a  great  number  of  pei'sons  belonging  to  the 
colliery  had  coitectcd  to  see  it ;  but  unfortunately,  just  as  it  was 
going  olf,  the  boiler  of  the  machine  hurst.  The  engine-man  was 
daslied  to  pieces,  and  his  mangled  remains  blown  114  yards;  the 
top  of  the  boiler  (nine  feet  square,  weight  1!)  cwt.)  was  blown  100 
yards ;  and  the  two  cylinders  90  yards.  A  little  boy  was  also  thrown 
TO  a  great  distance.  13y  this  accident  .'i/  persons  were  killed  and 
wounded,  of  whom  1 1  were  dead  on  Sunday  night,  and  several  ' 
remain  dangerously  ill.  The  cause  of  the  accident  is  accounted  for 
as  follows :  the  engine-mao  said,  "  as  there  were  several  owners  and 
viewers  there,  he  would  make  lier  (the  engine)  go  in  grand  stile," 
and  he  had  got  upon  the  boiler  to  loose  the  screw  of  the  safety 
valve,  but  being  overheated,  it  unfortunately  exploded.  It  will  be 
recollected,  that  at  the  fatal  blast  which  recently  took  place  at  this 
colliery,  the  first  who  arrived  at  the  bank,  holding  by  a  rope,  was  a 
Utile  hoy,  about  six  or  seven  years  of  age.  The  poor  little  fellow  is 
among  the  number  dead, 

XII.   Cirrlonate  of  B'mnidh. 
A  new  species  of  ore  has  been  lately  discovered  in  Cornwall,  the 
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ctrbonate  of  bismuth.  From  a  very  smaH  specimen  of  k,  which  I 
have  seen,  I  am  led  to  suspect  that  it  is  the  same  mineral  called  bjr 
th)r  Germans  bismuth  ochre.  The  colour^  fVacture,  and  lustre,  ai;e 
similar.  The  specific  gravity  is  less,  beitig  only  3*07^5;  but  the 
fragment  examined  was  much  mixed  with  cky. 

XIII.  Carlo- Sulphuret  of  Mercury. 

.:  Dobereiner  has  lately  announced  that  there  exists  a  native  com- 
pound of  mercury  and  sulphuret  of  carbon.  He  calls  it  guecksil- 
bererz  {ore  of  mercury).  I  should  not  be  surprised  if  this  were  the 
common  ore  of  Idria,  called  quecksilbet'lebererz  {hepatic  ore  of  mer- 
cury) ;  for  Klaproth  found  this  ore  to  contain  both  sulphur  and 
carbon,  nearly  in  the  proportion  in  which  they  exist  in  sulphuret  of 
carbon.  Dobereiner  says,,  that  when  the  ore  is  distilled,  sulphuret 
of  carbon  is  obtained.  He  informs  js  that  sulphuret  of  carbon 
unites  with  all  the  metals,  and  forms  a  new  class  of  bodies. 
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William  Bell,  Birmingham;  for  a  method  of  making  and 
manufacturing  wire  of  every  description.    April  18,  1815. 
MiCHABL  Billingslkt,  Bowliug  Iron  Works^  Yorkshire ;  for 

^rovements  in  the  steam-engine.  April  20,  1815. 
amUjsl  John  Pauley,  Charing  Cross,  London;  and  Durs 
£<ib.  Strand^  gun  manufacturer;  for  certain  aerial  conveyances  and 
v^feis  to  be  steered  by  philosophical,  or  chemical,  or  mechanical 
me&ns,  and  which  means  are  also  applicable  to  the  propelling  of 
vessels  through  water,  and  carriages  or  other  conveyances  by  land. 
April  25,  1815. 

Jacob  Wilson^  Wclbeck-street,  London,  cabinet-maker  and 
upholsterer;  for  certain  improvements  in  bedsteads  and  furniture* 
April  27,  1815, 

William  Bush,  Saffron  Walden,' Essex,  surveyqr  and  builder  i 
for  a  method  of  preventing  accidents  from  horses  falling  with  two*, 
wheeled  carriages,  especially  on  steep  declivities^  superior  to  stny 
hitherto  known  or  in  use,    April  29,  1815. 

Peteh  Martineau,  Canonbury  House,  Islington,  and.JoHir 
Martineau,  Stamford  Hill;  for  their  new  method  or  methods  of 
re6oing.and  clarifying  certain  vegetable  substances.     May  8,  1816. 

John    James    Alexander    MACCAR'](Hy,    Arlington-street, 

London,  sculptor ;  for  a  method  of  paving,  pitching,  or  covering, 

streets,  roads,  and  ways.    May  11,  1815. 

.  Charles  Pitt,  Strand,  London  ;  for  his  method  or  methods  foi: 

the  security  and  safe  conveyance  of  small  parc^k,  and  remittances 
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of  property  of  every  description,  and  also  for  the  security  in  the  for- 
mation or  appendage  of  shoes.     May  11,  1S15. 

Samukl  Pbatt,  No.  119,  HolbOTn-hill,  London,  trunk- m.tker; 
for  a  wardrobe  trunk  for  travellers.     May  1 1,  1815. 

Archibald  Kknrick,  West  Bromwich,  Stafford,  founder;  for 
certain  imjirovements  in  the  mills  for  grinding  coffee,  mall,  and 
other  articles.     May  23,  1815. 

John  Vvcn,  of  Over,  Whltegate,  Chester,  salt  proprietor ;  for  b 
new  method  of  making  salt-pans  upon  an  improved  principle,  to 
save  fuel  and  labour.     May  26, 1815. 

Jonathan  Ridcwav,  Manchester,  plumber;  for  a  new  method 
of  pumping  water  and  other  fluids.     May  26,  1815, 

John  Kilay,  York,  brewer;  for  his  improvement  or  improve- 
ments in  the  art  of  brewing  malt  liquors.     June  1,  1815. 
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Scientific  Books  in  hand,  or  m  ike  Press. 

The  New  Edition  of  Dr.  Henrj's  Elements  of  Chemistry,  with 
very  considerable  Additions  and  Improvements,  will  be  ready  on  flie 
1st  of  October. 

Tlie  Rev.  P.  Keith,  F.L.S.  is  about  to  publish  a  System  of  Physio- 
logical Botany,  in  2  vols.  8vo.  with  Plates  drawn  and  engraved  by  Mr. 
Sowerby, 

Mrs.  Bryan  is  printing  A  Compendious  Astronomical  and  Geogra* 
phical  Class  Book,  (br  the  Use  of  Families  and  Young  Persons. 

Mr.  llootaey  is  about  to  publish  a.  Volume,  entitled  The  Bristol 
Dispensatory,  the  object  of  whicli  is  to  c.'^ablish  the  Nomenclature  of 
Pharmacy  upon  a  permanent  basis :  and  to  explain  the  advantages  of 
a  new  method  of  expressing  the  Composition  of  Medicine. 

Sir  F.  C.  Morgan,  Physician,  is  preparing  for  the  Press,  Outlines  of 
the  PLilosophy  of  Life :  which  has  for  its  object  the  diffusion  of  a  more 
general  knowledge  of  the  fundamental  facts  of  philosophy. 
'  Arthur  Burraw,  Esq.  is  preparing  for  tjie  Press,  Some  Account  of 
the  Mediterranean,  1810  to  1815,  Political  and  Scientific,  Literary  and 
Descriptive.  The  work  will  appear  in  Royal  4-to  with  Engravings,  and 
the  first  Volume  will  be  chiefly  conSned  to  Sicily. 

Mr.  Accura  has  in  the  Press  a  Second  Edition  [Stereotype]  of  his 
Practical  Treatise  on  Gas  Light ;  Exhibiting  a  Summary  Description 
of  the  Apparatus  and  Machinery  best  calculated  for  illuminating 
Streets,  Houses,  and  Manufactories  with  Coal  Gas,  &c.  With  Re- 
marks on  the  Utility,  Safety,  and  general  Nature  of  this. new  Branch 
of  Civil  Economy.  Illustrated  with  Seven  Coloured  Plates  showing 
the  Construction  of  the  large  Apparatus  employed  for  illuminating 
the  Streets  and  Houses  of  tha  Metropolis,  as  well  as  the  Smaller  Ap- 
paratus employed  by  Manufacturers  and  Privnte  Individuals, 
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70 

o2 

Cl-0 

Var. 

29-86 
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70 

50 
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0 
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64 

42 
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69 

54 
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70 

52 
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J( 

N   W 
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75 

51 

63-0 

E 
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29-99 

30-020 

75 

48 
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49 
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57 
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■70 

■31 
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63 

47 

57-5 

• 
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N     E 
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29-98 
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6S 

52 
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N    W 

30-04 
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68 

53 
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6 
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N    W 
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56 
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30-13 
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71 

52 
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-21 

Sb 

N    W 

30-18 

30-13 
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30-185 
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42 

54-0 
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80 

42 
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Jourj,  bcrnnlnc  at  9  A.  M.  on  (lie  day  iDdicaud  in  the  fint  column.     (  dw 
*»ola,  flat  the  jM.UiilBcl«le<Hnifc.nenfoHowiiijnl»crvft(toii.  ' 
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Sixth  XnnCh.—as.  A  very  fine  dny:  the  weeterD  aky  in  the  twilight,  bright 
orence  near  the  korizaii,  with  a  purple  glow  above,  30,  Cloud}  morniugi  after 
ntaich  lunthidF  at  tnlervBlt. 

Scrcatk  Maatk.  —  1.  Hfaiy  Cumubifralt,  p.m.  S.  Wlndj,  rloody,  0.01,: 
Cirnu,  p«»ing  to  Cirrtoanulut,  &c.  p.  m. :  B  liiminoui  twilight,  the  cluuds  mudi 
coloured.  3.  a,iii.  Wiutly,  niih  Camuiaitratta.  4,  Cluudy :  a  Tew  drops,  p.m. 
b,  Cumulaitralwi.  formtd  by  Ci'rraciitnHlui.     6.  The  wind  pasted  thii  muming  by 

8.  E.  to  S.  W.  but  settled  at  N.  W.  wilh  varioDS  doudi :  rain  fell  in  the  night. 
7.  Wet  this  morning  early,  and  windy  at  N.  £.1  p.  m.  fair,  wilh  Cumulotlratiu. 
B.  Cumuivi,    a.m.    with    Cimrttratim    cinudy    evening;    some    rain    by    night, 

9.  CumMlotlralua  :  orange  twilight.  1 1.  A  very  fine  day  :  pink-coloured  Cfrrl  at 
gwi-sel.  19.  Sollry;  a.m.  CuiaHloiiratiu  by  inoscalation.  About  noon,  an  ap- 
pearance of  distant  rain  in  the  H,  E.,  which  continued  till  evening  s  the  whole  of 
our  own  clouds  gradually  disappeaied,  with  a  jleady  9.  W.  breeze.  At  iuu-*et  it 
ifBi  clear,  and  somewhat  orange-cniuurrd  In  N.  W.,  but  obscure,  wilh  Cirro- 
slnOuM  la  N,  E.  13.  Large  Ill-defined  CirH,  wilh  nascent  ChihuU,  and  afterwards 
CfrnKkBiklui,  at  a  great  height,  passed  to  the  N.  E.  wilh  a  fFcsh  breeze  :  a  llllle 
rain  fell  in  the  evening.  Hygr.  aiiout  40°  these  Ihree  morningi  pas).  14.  Varioui 
clouds,  threatening  rain  at  iulervalf,  which  followed  p.m.  in  quantity  srarcely 
sufficient  to  lay  the  dsit :  windy,  16,  a,  m,  Cumulia,  beneath  Cirrostratiu  i 
windy,  bome  light  showers,  and  a  trace  of  the  rainbow,  at  lun-sel.  16.  A 
dighl  ihower,  a.m.  17.  Various  cloiids,  a.m.t  a  few  drops,  p.m.:  at  eveu- 
iog,  a  tendency  to  the  rapid  fiMmntion  of  CirroHralui,  the  dcnter  clouds  al  Ihe 
■wne  lime  eihibiting  a  beanlifDl  grarialion  oF  colours  1  twilight  orange.  18.  In 
the  Doroing,  an  eilensive  sheet  of  flimsy  CirrKvmuhu,  which  loon  oiiived  awaj, 
Bygr.  al  9  a.  01.  68*.  About  10  p.  m.  the  s»me  Itind  of  cloud  :  a  low  murky 
sky.  19.  A  steady  rain,  a.  m,  Hygr.  lO-  at  9  p.  m.  SO.  Oiercast,  wilh  Cu- 
muloslratJis:  windy.    SI— 86,  Moiil^  clmid}:  ocfusioiial  showers.    87,  88.  Fine, 


^^H                   Prerailing  Winds  Westerly,  and  these  for  the  most  pari  i\.  \V,  '^^^H 

^V                      Barometer:  Crealeit  Iieighl 3019  incbec.  ^^^H 

^H                                                Least S9-4T  ^^^| 

^B                                         Mean  of  Ihe  period    29-961  ^^^| 

^H                 Thernnnieler ;  Greatest  height tiO'  ^^^H 

^H                                          Least  ^^^^1 

^H                                                Mean  of  Ihe  period 61-36  lP^ 

Ivaporalion,  (in  S3  dnys,  from  the  6lh  inclusivi,) li  inches. 

Rain I'SBinch, 

•,■  The  observations  from  the  gl«  indnsisn  ate  those  of  my  friend  Joh^ 
Gibson,  al  the  Labaratury. 

T»TT(^u.tK,  Eighth  MonlK  15.  ISl^-  L,  nOWAIt 
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Otservations  on  the  Absorption  of  the  Gases  ly  different  Bodies. 

By  Theodore  de  Saussure.  * 

VVe  possess  at  present  no  accurate  experiments  on  the  question, 
nliQther  a  gas,  ^urnen  it  penetrates  into  the  pores  of  a  sohd  body, 
undergoes  any  diminution  of  bulk  in  consequence  of  this  penetra- 
tion, even  when  no  chemical  union  takes  place  between  the  gas  and 
the  solid  body  ?  It  is,  for  example,  still  unknown  whether  azotic 
or  oxygen  gas,  which  do  not  combine-  chemically  with  silica,  un- 
dergo fr  diminution  of  their  bulk  when  they  penetrate  into  a  porous 
silicious  stone,  as  opal,  hydrophane,  or  even  sand-stone*  If  we 
allow  that  such  diminution  of  bulk  takes  place,  a  number  of  other 
qoestions  immediately  present  themselves.  What  influence  has  the 
Hze  of  the  pores  on  this  condensation  ?  Are  all  gases  equally  con- 
densed by  the  same  bodies?  And  what  influence  has  the  density  of  the 
gBf  on  this  condensation  ?  These  inquiries  become  still  more  inte- 
resting when  different  gases  are  employed  together.  When  two 
gases  mixed  equally  are  presented  to  a  solid  body,  does  it  absorb 
them  in  equal  quantities  or  not  ?  And  do  the  mixed  gases,  when 
condensed  in  solid  bodies,  enter  into  combinations  which  they  would 
not  form  in  a  free  state  ?  It  is  obvious  that  such  investigations  may 
lead  us  to  discover  whether  our  atmosphere,  when  it  penetrates  into 
the  interior  of  earthy  bodies,  becomes  condensed  merely  in  conse- 

*  I  have  translated  this  important  paper  from  Gilbert's  Annalen  der  Pbysik, 
Tol,  zlvii.  p.  lis,  July,  1814.  The  original  was  read  in  the  Geneva  Society  on 
the  16th  of  April,  1812.  Bat  I  do  not  know  where  it  was  first  published.  Gilbert 
informs  ns  that  it  was  translated  into  German  by  Professor  Hornet  >q^  Z>^'c\k.Vx— ^ « 
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quence  of  tliis  peoetratioti,  and  forms  water,  and  nitrous  or  ainmo- 
niacal  salts. 

The  experiments  which  I  have  made  in  order  to  answer  some  of 
these  questions  I  shall  arrange  in  tiiree  sections.  The  first  section 
contains  my  experiments  on  the  condensalian  of  pure  unmixed 
gases  by  solid  bodies ;  the  second,  my  experiments  on  the  absorp- 
tion of  mixed  gases  by  solid  bodies ;  in  the  third,  1  shall  state  sooM  1 
observations  on  the  absorptioD  of  gases  by  liquids.  ^^^M 

SECTION  First.  ^^H 

ABSORPTION    OF    irNMIXED   CASKS   BY   SOLID    BODIES. 

1.  Amount  of  the  Condensation  of  different   Cases  ly  Charcoal. 

Of  all  solid  bodies,  charcoal  is  the  most  remarkable  in  its  action 
on  the  gases.  It  was  a  discovery  of  Fonlana  that  rud-hot  charcoal, 
cooled  by  plunging  it  under  mercury,  or  by  any  other  method  which 
precludes  the  contact  of  the  air,  possesses  the  remarkable  property 
of  absorbing  move  than  ijs  own  volume  of  various  gases.  Count 
Morozzo  remarked  that  this  absorption  is  different  accordiag  to  the 
different  gases  and  to  tlie  kind  of  charcoal  used ;  and  he  made  ex- 
periments which,  when  properly  repeated,  place  this  truth  in  a 
clear  point  of  view.  He  allowed  various  gases,  in  exactly  the  same 
circumstances,  to  be  absorbed  by  charcoal  and  other  porous  bodies, 
as  pumice,  brick,  &c.  It  appeared  to  him  that  the  gases  absorbed 
by  these  last  bodies  underwent  no  coudensation.  Hence  the  con- 
densation produced  by  charcoal  was  considered  as  a  peculiar  action 
of  that  body,  the  full  dearing  up  of  which  was  left  to  future  natu- 
ralists. 

Morozzo,  Rouppe,  and  Norden,  employed  various  methods  in' 
their  experiments  to  cool  charcoal  without  plunging  it  under  mer- 
uury ;  but  the  unavoidable  introduction  of  atmospherical  air  was 
injurious  to  the  accuracy  of  their  trials.  It  was  in  their  power, 
indeed,  to  try  the  absorjition  of  gases  by  charcoal  over  water ;  but 
the  presence  of  water,  as  1  shall  show  hereafter,  diminished  the 
condensation  of  the  gases,  and  introduced  some  inaccuracies  into 
their  experiments. 

In  my  experiments  ihe  red-hot  charcoal  was  plunged  under  mer- 
cury, and  introduced  into  the  gas  to  be  absorbed  after  it  was  cool, 
without  ever  coming  in  contact  with  atmospherical  air.  All  my 
experiments  were  made  with  the  charcoal  ofljox-wood.  Its  powers 
of  absorbing  are  not  only  very  remarkable,  but  it  absorbs  so  little 
mercury  during  the  cooling  that  it  still  readily  swims' on  water. 

The  following  experiments  were  made  between  the  tem|>eratures 
of  52"  and  5(i°,  and  undera  barometrical  pressure  of  28^  inches  of 
mercury.     The  numbers  are  almost  always  means  of  several  experi- 
ments ;  for  two  pieces  of  the  very  same  Charcoal  introduced  into  J^^^ 
I  same  gas  seldom  give  the  same  absorption.    The  numbers  rej^^^^^ 
the  volume  of  the  charcoal,  which  is  considered  as  unity.  ^^^H 
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Charcoal  of  box-wood  absorbs^  of 

Volumes. 

Ammoniacal  gas    • .  90 

Muriatic  acid 85 

•  Sulphurous  acid 65 

Sulphureted  hydrogen    55     ^ 

Nitrous  oxide 40 

Carbonic  acid     35 

Olefiant  gas    » S5 

Carbonic  oxide 9*42 

Oxygen 9-25 

Azote .7*5 

Oxy-carbureted  hydrogen*    5 

Hydrogen 1*7^ 

Box-wood  charcoal  absorbs  38  times  its  volume  of  nitrous  acid 
gas  ;  but  as  a  portion  of  this  gas  is  decomposed,  the  result  cannot 
be  compared  with  those  contained  in  the  preceding  table. 

In  all  these  gases  the  absorption  terminated  at  the  end  of  24  or 
36  hours,  so  that  it  was  not  increased  by  allowing  the  charcoal  to 
lemain  longer  in  contact  with  the  gas.  Oxygen  gas  alone  consti- 
tutes an  exception  to  this  general  rule ;  for  its  absorption  seems  to» 
continue  for  several  years.  The  reason  is,  that  a  small  quantity  of 
carbonic  acid  is  always  forming,  of  which  charcoal  absorbs  a  much 
greater  quantity  than  it  does  of  oxygen  gas.  This  formation  goes 
on  so  slowly  at  the  commoq  temperature  of  the  air,  that  several^ 
years  elapse  before  as  much .  carbonic  acid  gas  is  generated  as  is 
sufficient  to  saturate  the  charcoal.  I  shall  state  below,  in  a  note, 
the  facts  which  led  me  to  this  conclusion,  f    It  is  exceedingly  pro- 

*  I  obtained  the  oxy-carbureted  hydrogen,  whieh  I  employed  in  all  my  ezperi« 
iMDts,  by  distilling  moist  charcoal.  Its  specific  gravity,  after  separating  the  car- 
bonic acid,  was  0*3326,  that  of  air  being  1.  1(X)  measures  of  this  gas  require  for 
€iiiiin|>astion  60*78  measures  of  oxygen  gas,  and  form  31  *5  measures  of  carbonic 
acid  gas.     Hence  its  composition  is  as  follows: 

*  Garbon  39*52 

Oxygen 28*95 

Hydrogen 16-90 

Azote , 14*63 

100*00 

■f  On  the  Formation  of  Carbonic  Add  Oas  at  the  dommon  T^mperatuire  from  Charcoal 

.and  Oxygen, 

It  has  hitherto  been  supposed  that  charcoal  only  unites  with  oxygen  at  a  tempe- 
imtnre  not  much  below  a  red  heat :  but  I  think  that  I  have  remarked  that  the 
catiktniM  temperature  of  the  air  is  sufficient  for  this  union.  As  this  observation  is 
tinportant,  and  may  be  contradicted,  it  will  be  permitted  to  me,  I  presume,  to. 
iCate  more  particularly  the  nature  of  my  observations. 

,  A  volume  of  box-wood  charcoal  quenched  in  mercury  that  in  24  hours  had  ab- 
gorbed  9^  volumes  of  dry  oxygen  gas,  was  left  for  18  months  in  the  same  gas 
ttsoding  over  mercury.  In  two  months  the  absorption  was  11  volumes;  in  14 
menths  it  was  13  volumes.  It  alHrays  became  slower  as  the  time  advanced,  and 
was  not  completed  in  18  months.'    I  put  m  end   lo  the  experiment  in  order \o 
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bable  that  tlic  true  absorption  of  oxygen  gas,  like  that  of  the  oilier 
gases,  is  completed  in  3G  hours;  that  this  absorption  amounts  to 
aj-  volumes;  and  that  during  that  time  no  perceptible  quantity  of 
carbonic  acid  gas  is  formed.  On  this  account,  in  the  subscqueDt 
details  into  which  I  shall  enter  I  shall  take  no  farther  notice  of  this 
formation  of  carbonic  acid  gas, 

2.  Infltience  of  Water  on  ike  Absorption  of  Gases  by  Box-wood 
Charcoal. 

The  results  above  stated  suppose  and  require  that  the  charcoal 
before  and  during  its  action  on  the  gases  be  dry.  If  the  charcoal, 
after  being  cooled  under  mercury,  be  moistened  with  water,  the 
absorption  of  all  those  gases  that  have  not  a  very  strong  affinity  for 
water  is  distinctly  dimioished.* 

Box-wood  charcoal  cooled  under  mercury,  and  drenched  in  water 
wlule  still  under  mercury,  is  only  capable  of  absorbing  15  volumes 
of  carbonic  acid  gas ;  although,  before  being  moistened,  it  could 
absorb  35  volumes  of  the  same  gas.  The  moistened  charcoal  lide- 
tvlse  takes  a  longer  time  to  complete  its  absorption  than  the  dry 
charcoal,  'i'hus  charcoal  tliat  when  dry  absorbs  35  volumes  of  car- 
bonic acid  gas  in  24  hours,  requires  when  moistened  with  water  14 
days  in  ordei"  to  absorb  15  volumes. 

The  effect  of  moistening  charcoal  upon  its  power  of  absorbing 
gases  becomes  more  striking  when  we  allow  dry  charcoal  in  the  first 
place  to  saturate  itself  with  a  gas,  and  then  bring  it  through  mer- 
cury into  a  jar  filled  with  mercury,  and  containing  a  quantity  of 
water  about  equal  to  the  bulk  of  tlie  charcoal.     In  4S  hours  the 

namine  (he  rcsidaal  ga;.  I  found  it  us  |iate  as  hefure  Ibe  iutrodactioD  of  tbe 
charcoal,  and  conlaining  no  traces  of  carbonii:  acid  gas.  It  is,  Loivevcr,  prnbable 
that  carbonic  acid  gas  had  been  formed,  and  thai  it  was  contained  In  the  pom  of 
(be  cbarcoal.  li  it  likely  that  the  diminution  irauld  have  gone  on  till  the  absorplioa 
of  {Oi  amnunled  to  35  vnlnmn,  ai  that  ii  the  quantity  of  carbnaic  acid  gas  Btt< 
sorlicd  by  dry  charcoal  {  and  that,  afirr  this,  free  carbonic  acid  fja  would  have 
been  formed.  But  as  80  ymrs  might  hare  elap^d  befbre  a  notable  qnantity  of 
carbonic  acid  appeared,  when  the  experiment  nai  conducled  in  thie  way,  I  short- 
ened the  proceas,  by  introducing  moist  charcoal  instead  of  Ary.  The  coDseqiience 
w^a,  that  in  nbnut  a  year  part  of  (be  anrraunding  oxygen  gas  was  changed  into 
carbonic  acid  gas  a(  the  cammou  temperature  of  the  almasphere.  We  ihal)  see 
hereafter  (ha(  one  Tolunie  of  boi-wood  charcoal  quenched  in  water  absorbs  only 
15  Tolnmes  of  carbonic  acid  instead  a(  the  33  which  are  absorlied  by  one  TDlume 
of  dry  charcoal,  A  volunie  of  wet  box-wood  charcoal  pu(  into  oxygen  gas  stand- 
ing OTBT  nicrciiry  diminished  the  volume  of  th«  gas  for  10  mnnths,  and  till  thit 
diminntioD  amounted  to  15  volumes,  and  during  this  time  no  carbonic  acid  eould 
be  detected  in  the  residual  gas.  But  after  the  absorption  ceased,  carbonic  acid 
b^an  to  appear,  and  in  fonr  monlhe  amounted  to  half  a  lolnme.  The  charcoal 
itself  being  plnnged  into  lime-water  rendered  it  very  milliy.  t  thnnght  I  detected 
a  trace  of  carbureted  hydrogen  gat>  likewise  in  the  rcEidual  gas,  bnl  am  Dpi  qnile 
sure,  a!  the  qaaulily  was  bo  small  as  to  be  within  the  limlU  of  error  in  the  experi* 

•  Atleail  with  regard  (o  charcoal,  which  has  (he  property  of  absorbing  a  great 
deal  oF  gat.  With  regard  la  some  other  bodies  which  have  the  property  of  ab- 
*orbiiig  but  little gai,  their  potter  of  abioibing  gas  h  ralher  increased  by  moiatu- 
!■{  Ibem  witb  water. 
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tsfaarcoal  gives  out  all  the  gas  which  wet  charcoal  is  not  able  to 
ffetftin.* 

In  the  same  manner  one  volume  of  dry  charcoal,  which  had 
absorbed  33  volumes  of  carbonic  acid  gas,  when  it  was  drenched  id 
water,  gave  out  \^  volumes  of  this  gas,  and  of  course  retained  only 
16  volumes.  This  is  nearly  the  same  proportion  as  in  the  first 
experiment.  A  volume  of  dry  box-wood  charcoal,  which  had 
absorbed  7t  volumes  of  azotic  gas,  when  drenched  in  water  gave 
Mt  dj-  volumes,  and  of  course  retained  only  one  volume  of  this 
gas.  A  volume  of  dry  box-wood  charcoal,  which  had  absorbed  9-^ 
volumes  of  oxygen  gas,  gave  out  when  put  into  water  3^  volumes  ;t 
and  one  volume  of  charcoal  saturated  with  hydrogen  gas  retained, 
after  being  put  into  water,  only  0*65  of  a  volume  of  this  gas.  We 
shall  endeavour  hereafter  to  employ  these  results. 

If  charcoal  which  has  already  given  out  its  excess  of  gas  by  being 
placed  in  contact  with  water,  be  put  into  a  retort  filled  with  Water, 
and  exposed  to  a  boiling  heat,  a  considerable  quantity  of  fresh  gas 
separates  from  it ;  but  this  temperature  is  not  sufficient  to  drive  off 
the  whole  of  the  gas  which  it  had  absorbed. 

The  gas  driven  out  by  water,  though  it  had  remamed  for  several 
Aiys  in  the  charcoal,  did  not  appear  in  the  least  altered  in  its  pro- 
perties. In  oxygen  gas  I  observed  no  carbonic  acid,  no  carbureted 
nydrogen  gas  in  hydrogen  gas,  nor  carbonic  oxide  in  carbonic  acid 
gas.  The  gases  were  always  contaminated  with  a  small  quantity  of 
azotic  gas,  which  probably  had  previously  existed  in  the  red-hot 
•  charcoal.;  Oxygen  gas  alone,  as  I  have  already  observed,  when 
charcoal  remained  in  it  for  some  months,  contained  a  small  mixture 
of  carbonic  acid  gas :  a  process  which  was  still  farther  promoted  by 
Ae  presence  of  water. 

S.  Heat  which  is  disengaged  hu  the  Condensation  of  the  Gases  ly 

Charcoal. 

When  box-wood  charcoal,  or  any  other  species  which  rapidly 
absorbs  gases  cooled  in  mercury,  b  introduoed  into  any  gas,  there  is 
evolved  during  the  condensation  of  the  gas  a  quantity  of  heat  often 
sensible  to  the  feeling,  and  sufficient  to  raise  a  thermometer  \Yhose 

•  The  water,  by  penetratin;  into  the  charcoal,  drives  oat  the  gas  ^\i\k  mch 
fi»rce,  that  in  close  vessels,  and  when  a  sufficient  quantity  of  charcoal  is  employed, 
the  expelled  gas  is  in  a  state  of  compression.  This  circumstance  may  be  employ^. 
in  a  great  sc^e  in  the  preparation  of  very  concentrated  artificial  soda-water,- 
especially  when  fermenting  tuos  are  at  hand.    We  have  only  to  place  witbia 
these  basons  filled  with  red-hot  box-wood  charcoal,  and  when  the  charcoal  is  satu- 
imted  with  the  gas  it  is  ti)  be  put  into  thicic  and  strong  vessels,  and  bfoujri)t  in  con-^ 
tact  with  water.    We  must  take  care  that  the  charcoal  does  not  come  in  contact, 
w^ith  the  atmospheric  air,  nor  must  it  be  mixed  with  the  water  till  the  vessels  are 
Bade  air-tight.    I  have  myself,  without  attending  to  these  necessary  precautions, 
aind  at  the  temperature  of  66^,  prepared  in  a  vessel,  a  fottKHth  part  of  which  was 
i&lled  with  box-wobd  charcoal,  and  two-thirds  of  it  with  water,  and  which  I  ren- 
dered air-tight,  a  soda-water  which  contained  more  than  itiowi^  ]H>Ul  of  .carbonic 
acid  gas. 

f  La  Metherie  obtained  a  similar  result  ^bea  fSKfiV^  '«qNs^ 

See  JoutjmI  de  Physique,  vol.  jjlx^ 
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bulb  is  in  contact  with  about  ^  of  a  cubic  inch  of  charcoal  several  de- 
grees. The  heat,  as  might  have  been  expected,  appears  to  increase  with 
the  absorbability  of  tlie  gas.  Charcoal  becomes  hotter  in  ammo- 
niacal  than  in  carbonic  acid  giis,  and  hotter  in  this  gas  than  in  tb« 
less  absorbable  oxygen  gas.  Hydrogen  g^s,  which  is  tjie  least  ab- 
sorbable of  all,  gives  out  so  little  heat,  that  the  methods  which  I 
employed  were  not  sufficiently  delicate  to  detect  any.  *  This  evolu- 
tion of  heat  depends  nmcti  more  upon  the  rapidity  with  which  the 
absorption  takes  place  than  upon  the  degree  of  the  condensation  j 
since,  according  to  Gay-Lussac's  experiments,  different  gases  when 
equally  compressed  give  out  diffei'ent  quantities  of  heat. 

4.  Influence  of  the  laromelrical  Pressure  on  Ihe  Condensation  of 
Gases  ly  Charcoal. 

Hitherto  heat  only  has  been  employed  to  render  charcoal  fit  for 
aljsorbiog  gas.  I  have  tried  to  produce  the  same  effect  by  means  of 
the  air-pump,  and  have  obtained  nearly  the  same  results. 

A  piece  of  box-wood  charcoal,  which  had  stood  exposed  to  the 
wr  for  some  days,  was  put  into  a  receiver  fixed  to  a  small  portable 
plate  by  means  of  tallow,  and  screwed  upon  the  plate  of  the  air- 
pump,  so  as  to  be  air-tight,  t  The  air  being  pumped  out  of  the 
receiver  and  charcoal  by  an  exhaustion  amounting  to  0-1'i  inch  of 
mercury,  the  transferrer  with  its  receiver  is  brought  into  the  mer- 
curial trough,  and  the  cock  of  the  transferrer  being  opened  under 
the  mercury,  that  liquid  flows  in  and  fills  the  receiver,  and  the 
transferrer  may  now  be  removed.  The  charcoal  is  now,  without 
coming  in  contact  with  the  external  air,  introduced  into  another 
receiver  filled  with  carbonic  acid.  The  absorption  at  the  tempera- 
ture of  53-^"  amounted  to  3lJ  volumes.  Charcoal  healed  red-hot 
produces  in  the  same  circumstances  an  absorption  amounting  to  35 
volumes. 

I  repeated  the  same  experiment  with  oxygen  gas.  The  absorption 
produced  in  this  way  amounted  to  S-l  volumes  of  the  charcoal,  while 
charcoal  healed  to  redness  absorbed  9.^-  volumes.  Charcoal  freed  of 
air  by  the  air-pump  absorbed  seven  volumes  of  azotic  gas  in  place 
of  7-r  volumes  which  charcoal  heated  to  redness  absorbed. 

As  the  charcoal  which  was  employed  in  these  experiments  hfid 

•  Tbe  bnib  of  my  th«nnomE(er  was  SJ  tines  in  diamiMer.  The  tube  was  licnt 
in  tlie  fonn  .'f  a  V,  The  end  on  which  wai  Ihe  bulb  was  inlroduced  ihroo^  llie 
mrrcuiy  into  ihe  receiver.  The  oiiler  arm  held  the  a«ile  j  and  scried  bnth  to  faotd 
Oie  inatrament  and  lo  bring  the  bulb  in  cauuct  wilb  ilie  charcoal. 

-I-  Inilrad  of  thiE  transferrer,  tbe  folloTring  melhad  ma;  be  etnptoyed.  A  ■moll 
receiver  conlaiuing  Ihe  charcoal  is  lied  by  strings  to  a  diah  which  19  filled  witb 
mercury,  and  placed  under  Ibe  common  rtEcrlver  of  Ihe  air-pump.  When  Ihe  sir 
has  bpen  pumped  out  of  ihs  large  receiver,  and  likewise  onl  of  Ihe  small,  a  cnm- 
■nunication  is  opened  belwcrn  fhr  innide  ofthe  largr  receiver  and  the  eilrrnal  air. 
The  mercury  in  the  dish  i9  now  forced  into  Ihe  small  rveeivcr,  and  Dili  il.  Tbe 
siring  is  nuv  untied,  and  Ihe  small  receiver  slandlnR  nn  the  dish  is  conveyed  to  Iha 
mercnrial  trough.  Bui  Ihe  eihanslion  produced  in  Ibis  vray  is  not  quile  so  rreat  at 
ID  Ibe  other,  on  account  of  Ihe  resislance  made  by  the  mercury  in  [he  didi 
fscape  of  tbe  air  from  the  small  teceivtt, 
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absorbed  some  moisture  from  the  air,  which  might  prove  injurious 
to  the  absorption,  I  repeated  them  with  charcoal,  which,  after  being 
dried  in  a  red  heat,  was  introduced  into  a  glass  receiver  full  of 
common  air  standing  over  mercury.  In  this  case  the  absorption  of 
die  charcoal  was  somewhat  greater  than  before ;  but  it  always  re- 
mained smaller  than  when  charcoal  was  used  that  had  been  heated 
to  redness,  obviously  on  account  of  the  air  left  behind  in  the  char- 
ooal  by  the  incomplete  vacuum  produced  by  the  air-pump. 

To  ascertain  what  influence  the  density  of  a  gas  has  upon  the 
volume  which  charcoal  is  capable  of  absorbing,  I  introduced  a  piece 
of  charcoal,  which  had  been  saturated  with  gas  under  the  common 
pressure  of  the  atmosphere  into  a  torricellian  vacuum  in  the  top  of 
a  barometer  tube,  the  inner  diameter  of  which  was  0*78  inch.  As 
soon  as  the  charcoal  came  into  the  vacuum,  it  allowed  a  portion  of 
i^  gas  to  escape,  which  caused  the  barometer  to  fall  a  great  way^ 
from  which  the  density  of  the  gas  set  free  was  easily  deduced.  From 
the  bulk  of  the  portion  of  the  tube  occupied  by  this  gas,  and  this 
bblk  subtracted  from  the  whole  volume  which  the  gas  absorbed  by 
the  charcoal  would  occupy  in  this  new  situation,  it  was  easy  to  de-  ' 
tennine  the  quantity  of  gas  still  remaining  in  the  charcoal.  I 
wished  to  make  these  experiments  also  under  other  pressures  of  the 
atmosphere ;  and  on  that  account  allowed  determinate  quantities  of 
gas  to  enter  into  the  barometer  tube. 

'  Exper.  1. — A  piece  of  box-wood  charcoal,  which  under  the 
barometrical  pressure  of  28*91  inches,  and  in  the  temperature  of 
65^,  had  absorbed  341  volumes  of  carbonic  acid  gas,  was  put  into 
aa  atmosphere  of  carbonic  acid  gas,  the  density  of  which,  after  the 
separation  of  the  gas  from  the  charcoal,  was  equivalent  to  the  pres- 
sure of  10*26  inches  of  mercury.  Under  this  pressure  the  34-J- 
volumes  of  gas,  supposing  them  completely  extricated  from  the 
charcoal, .  would  have  occupied  the  bulk  of  97*21  volumes.  Of 
these  28*16  volumes  had  escaped  out  of  the  charcoal.  It  still  re- 
tained 69*05  volumes.  Hence  it  follows  that  charcoal  absorbs  a 
greater  bulk  of  rarified  carbonic  acid  than  when  it  is  of  its  usual 
density. 

*Exper.  2. — I  left  the  charcoal  in  the  barometer  tube,  and  in- 
creased the  density  till  it  equalled  the  pressure  of  15*9  inches  of 
mercury.  At  this  density  the  344-  volumes  of  gas  amounted  to  62*74 
volumes.  Of  these  12*83  volumes  had  escaped ;  so  that  the  char- 
coal still  retained  49*91  volumes.  • 

I  made  several  other  experiments,  which  gave  me  similar  results. 
It  follows  from  the  whole  that  the  absorption  of  gases,  if  it  be  esti- 
mated by  the  volume,  is  far  greater  in  a  rare  than  in  a  dense  atmos- 
phere ;  but  if  we  reckon  this  absorption  by  the  weight,  it  is  more 
considerable  in  the  latter  than  in  the  former  state  of  the  atmos- 
phere. These  observations,  however,  apply  only  to  those  gases 
that  are  absorbed  in  considerable  quantities.  The  difference  i« 
^scarcely  perceptible  when  the  absorption  amounts  only  to  about 
volume. 

When  these  experiments  shall  have  bf  ;\)X.<&^)  \\.  ^ 
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bable  that  the  relation  between  the  absorptlun  of  the  gases,  and  the 
height  of  the  barometer,  will  be  discovered.  1  have  not  prosecuted 
the  subject ;  nor  have  I  made  iiny  trials  upon  the  change  produced 
in  the  absorption  by  equal  inereraents  of  temperature. 

Tiie  same  cause,  which  makes  the  charcoal  become  hot  wlien  it 
absorbs  gas,  must  produce  a  diminution  of  temperature  on  the  sepa- 
ration of  this  gas.  A  cylinder  of  box-wood  charcoal,  3*15  inches 
long,  and  157  ineh  in  diameter,  was,  with  a  thermometer  fixed  in 
it,  placed  in  a  very  small  leceivsr;  and  then  its  air  was  driven  off 
by  means  of  the  air-pump,  that  it  might  be  saturated  with  carbonic 
acid  gas.  When  I  afterwards  separated  this  gas  from  the  charcoal 
by  means  of  the  air-pump,  the  thermometer  fell  in  a  few  minutes 
7"'2°.  *  The  same  experiment  was  repealed  with  commoa  air;  the 
thermometer  fell  from  5°  to  7°- 

5 .  The  Properly  of  condensing  Qi-^es  U  common  to  all  Bodies  which 
possess  a  certain  degree  of  porosity. 

That  the  property  of  absorbing  gases  has  hitherto  been  observed 
only  in  charcoal  is  owing  partly  to  expertmenls  having  been  made 
with  no  other  substance  of  the  requisite  texture,  and  partly  to  no 
accurate  observations  on  the  absorption  having  been  made.  I  have 
found  no  body  which  possesses  the  property  in  so  high  a  degree  as 
charcoal. 

In  all  (he  experiments  which  1  have  made  on  this  subject,  I  have 
made  u$e  of  the  eir-pump  to  free  the  porous  bodies  from  atmos- 
pherical air,  and  to  make  them  capable  of  absorbing  gases.  The 
method  of  heating  to  redness  succeeds  well  only  with  charcoal,  be- 
cause, on  accountaf  its  combustibility  and  its  small  specific  heat,  it 
may  be  taken  out  of  the  fire  and  plunged  under  mercury  while  still 
white  hot.  The  other  porous  bodies,  which  are  not  combustible, 
Gufier  on  that  account,  when  they  are  small,  very  various  degrees  of 
cooliiig  during  their  passage  from  the  fire  to  the  mercury,  which 
have  a  sensible  effect  upon  their  power  of  absorbing  gases.  Besides, 
the  air-pump  put  it  in  my  power  to  employ  animal  and  vegetable 
^ilbjtances,  which  are  totally  destroyed  in  the  fire. 

Exper.  1.    Aiisorption  of  Gases  ly  Spanish  Meerschaum.^ — As 

•  By  Ihe  flfe^orplion  of  carbonic  acid  gas  by  clH*rcoal  freed  frem  air,  the  tem- 
perature  ivas  raiaed  SS". 

♦  The  varjelj  of  meencliBUni  viDployed  came  from  Valecos,  near  Madrid,  The 
»peciHc  gra»i[y,  paroeily,  and  proportion  of  waler  conlajned  ■□  it,  vary  \a  difl'e- 
FentspeciiDcni.  The  pi«e  which  I  used  Inst  (h93  of  ila  weight  in  a  red  heal.  Its 
Fpeciflc  gravity,  Bfcerlaineil  h;  plunging  it  in  merniry,  which  did  not  penetrate 
iniD  the  pore..,  w^s  0-8>!6,  Meerachanm  from  lyatolia,  accnrdiug  to  Klaprolh,  is 
f  ompiued  of 

Silica sono 

Magnesia  ITaS 


k            Magnesia  I7-S5  ^^^ 

Water 2S-00  ^H 

Carbonic  acid  g.QO  ^^^^1 

Lime. 0-50  ^^^1 

I«H  ...  , I-T5  ^^^1 
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this  stooey  even  when  it  seems  perfecdf  dry,  alwajrs  contains  some 
vater,  I  put  it  first  into  the  fire,  and  then  introduced  it  under  the 
lur-pump  while  still  warm.  Having  freed  it  from  its  air,  I  intro* 
duced  it 'first  into  ammoniacal  gas,  and  ascertained  how  much  of 
this  gas  it  absorbed.  This  experiment  I  repeated  with  the  same 
mece  of  meerschaum  for  each  of  the  other  gases,  first  putting  it 
into  the  fire,  then  introducing  it  under  the  air-pump^  and  lastly 
putting  it  into  the  gas  to  be  absorbed;  so  that  the  same  piece  of 
meerschaum  was  brought  successively  in  contact  with  all  the  gases. 
The  size  of  the  meerschaum  was  2^  cubic  inches ;  and  this  size 
made  it  possible  for  me  to  observe  small  variatidns  in  the  absorption. 
A  repetition  of  these  experiments,  the  same  way,  and  with  the  same 
piece  of  meerschaum,  gave  similar  results.  The  following  table 
exhibits  the  mean  of  these  two  sets  of  experiments,  giving  the 
number  of  volumes  of  each  gas  absorbed  by  one  volume  of  the 
meerschaum  at  the  temperature  of  59^,  and  under  a  pressure  of 
28*74  inches  of  mercury. 

Yolames. 

Ammoniacal  gas* 15 

Sulphureted  hydrogen 11*7 

Carbonic  acid  gas  f •  •     5*26 

Nitrous  oxide •    3*75 

Olefiant  gas •  •  • .  •    3*7 

Azotic  gas • « 1-6 

Oxygen  gas    •.•••••••     1*49 

Carbonic  ojude 1*17 

Oxy-carbureted  hydrogen 0*85 

Hydrogen  •••••« 0*44 

As  these  absorptions  were  produced  and  destroyed  by  means  of 
the  air-pump  alone,  without  the  help  of  fire^  this  is  a  proof  that 
the  gases  contract  no  union  with  the  stone,  which  is  equivalent  to 
the  atmospherical  pressure.  Besides,  in  these  experiments,  as  ia 
those  with  charcoal,  no  alterations  in  the  temperature  or  barometrical 
took  place. 

I  repeated  these  experiments  with  another  piece  of  meerschaum 
Arom  Valecas.  It  produced  a  smaller  absorption.  When  dried  in 
the  air,  it  absorbed  three  volumes,  and  when  heated  to  redness /only 
2^  volumes,  of  carbonic  acid  gas. 

Meerschaum,  like  charcoal,  absorbs  a  greater  bulk  of  rare  than 
dense  gas.  Thus  a  mass  of  meerschaum  of  the  bulk  13*87  absorbed, 

«  When  the  meerschaum  is  employed  as  dry  as  it  can  be  procured  in  the  common 
temperature  of  the  atmosphere,  but  without  beini:  heated  red-hot,  it  absorbs  15 
volumes  of  ammoniacal  gas,  but  requires  to  do  that  several  days.  On  the  con- 
trary, when  it  has  been  heated  to  redness,  the  absorption  is  completed  in  five  or 
six  hoars.  Charcoal  gives  a  similar  result.  It  follows  from  my  experiments  tliat 
a  very  small  proportion  of  water  greatly  increases  the  power  of  meerschaum  to 
absorb  carbonic  acid  gas,  but  a  great  proportion  of  water  dfaninishes  that  power. 
The  absorption  of  carbonic  acid  gas  is  always  slower  wbr  Hrgchaum  con* 

tains  water  than  when  it  is  dry. 

f  When  the  meersckaun  was  not  heated  to  redness,  the  '  cash<^^\<. 

aci^  gas  amounted  to  13  ?plomes. 
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under  a  pressure  of  28*46  inches  of  mercury,  only  42*5  of  carbonic' 
acid  gas ;  but  when  the  pressure  was  reduced  to  9*37  inches,  the 
absorption  amounted  to  505, 

Exper.  2,  Absorption  of  Gases  by  the  adhesive  Slate  of  MeniU' 
fnontant.*—!  did  not  introduce  this  mineral  into  the  fire,  because 
it  splits,  and  contracts  itself  so  much.as  not  afterwards  to  absorb  a 
sensible  quantity  of  most  of  the  gases.  A  volume  of  adhesive  slate^ 
freed  from  air  by  means  of  the  air-pump,  absorbed,  at  the  tempe- 
rature of  59^,  the  following  proportions  of  the  different  gases  t-— 

.  Volamef. 

Ammoniacal  gas   •  •  •  •  1 1  *S 

Carbonic  acid    2 

Olefiant 1-5 

Azotic 0-7 

Oxygen • 0*7 

Carbonic  oxide •  •  0*55 

Oxy-carbureted  hydrogen ,^    0*55 

Hydrogen 0*48 

These  absorptions  are  still  smaller  than  those  by  meerschaum, 
and  the  differences  in  most  of  the  gases  $o  small  that  they  cannot  be 
accurately  estimated.  Besides,  I  must  remark  that  when  two  gases 
in  these  experiments  appear  to  be  equally  absorbed  by  a  solid  body, 
this  does  not  entitle  us  to  conclude  tbat  they  have  been  absorbed  by 
it  with  equal  force.  It  is  much  more  rational  to  ascribe  the  equality 
to  the  insufficiency  of  the  experiments,  which,  had  they  been  made 
on  a  larger  scale,  would  probably  have  shown  some  difference. 

Exper.  3,  with  ligniform  Ashestusfrom  the  Tyrol  and  Rock  Cork. 
— The  Iigniform  asbestus  which  I  employed  resembled  splinters  of  , 
DUt-wood,  and  had  a  specific  gravity  of  1*42.     When  heated  to 
redness,  it  lost  0*19  of  its  weight.    The  rock  cork  was  white,  of  the 
specific  gravity  0*6 ;  and  when  heated  to  redness  lost  l^.per  cent,  of  ' 
its  weight.     Both  minerals  were  dried  by  exposure  to  a  red  heat ; 
they  were  then  deprived  of  air  by  the  air-pump,  and  at  the  tempe 
rature  of  59*  absorbed  the  following  proportions  of  gas  : — 

Ligniform  Asbestus.  Rock  Cork. 

Volames.  Volumes. 

Ammoniacal  gas    ..••..  12*75  2*3 

Carbonic  acid 1*7  0*82  ^ 

Olefiant  . .  w 1*7  0-82 

Carbonic  oxide  ........     0*58  0*78  ^ 

Azotic 0*47 0*68 

*  The  specific  gravity  of  this  stone  is  0*95.     It  is  composed,  according  to 
KTaproth,  of 

Silica 62-5 

Magnesia 8*0 

Oxide  of  iron 4*0 

Water 22*0 

witA  gome  atoms  of  jilainiiia,  lime,  and  carbon* 
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LigDifoim  Asbestus.  Rock  Ck»rk,« 

Volnmet.      '  Voloincs. 

Oxygen 0*47   Ces 

Oxy-carbureted  hydrogen    0*41   ••...•'..• .'  0*68 
Hydrogen.. 0'3l   0-68 

It  is  worthy  of  attention  that  rock  cork,  though  much  more 
3pongy,  shows  a  smaller  diiference  in  the  proportion  of  the  different 
gases  absorbed.  Amianthus  squeezed  forcibly  together  exhibited  no 
sensible  difference  in  its  absorption. 
.  Emper.  4,  with  Saxon  Hydrophanej*  and  Quartz  from  Fauvert.f 
«— The  Saxon  hydrophane  was  dried  in  the  open  air,  the  quarts 
from  Vauvert  by  exposure  to  a  red  heat.  A  volume  of  each  ot  them 
ifreed  from  air  by  the  air-pump  absorbed  the  following  proportions 
pf  gases  :— 

HjdrophaDtf.  Quarts. 

Volumes.  Volumet, 

Ammoniacal  gas 64        10 

Muriatic  acid    17        

Sulphurous  acid   7'37    

Carbonic  acid   •     1         •«  0*6 

defiant    0-8     0-6 

Azotic 0*6     0-45 

Oxygen    0'6     0*45 

Hydrogen     0*4     ., 0*37 

The  swimming  quartz  from  St.  Ouen,  of  the  specific  gravitjr 
0*468,  gave,  when  treated  in  the  same  way,  no  perceptible  differ- 
ence in  its  absorptions. 

-  Expei',  5,  with  Sulphate  of  Lime, — It  was  in  the  state  of  cal-' 
cined  gypsum,  hardened  by  water,  and  dried  in  the  open  air.    Its 
^ecific  gravity  was  0*96.  One  volume  of  it  freed  from  air  absorbed 
the  following  quantities  of  gases  :-— 

Volume. 

Oxygen  gas 0*58 

Azotic 0*53 

Hydrogen    0*50 

Carbonic  acid 0*43 

Exper.  6,  with  swimming  Carbonate  of  Lime,  or  Agaric  Mine^ 

*  According  to  Klaproth,  Saxon  hydropbane  is  composed  of 

Silica 93 

Alumina 1<6 

Water 525 

The  specific  gravity  of  my  specimen  was  1*7,  and  its  ▼olame0*2  cubic  incJi  French* 
Hence  the  observations  could  not  be  very  precise.  The  stone  splits  in  a  red  heat ; 
-therefore  it  ^ras  not  put  into  the  fire. 

f  This  quartz  is  foond  in  rolled  flints  at  Vauvert.  and  appears* 

to  be  pure  quartz  coloured  red  by  oxide  of  iron.    It  it  as  to  swim 

ii^  water.    The  specific  {ravify  of  my  specimen  wbi  1  '  It  lost  in 

fhe  fire  3*35  parts. 
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rol.* — A  volume  of  this  mineral  dried  ia  the  air  absorbed  the  fol- 
lowing proportions  of  gases: — 

Carbonic  acid  gas    O-S^ 

Azotic 080 

Hydrogen    0-80 

Oxygen   0-67 

Exper.  7,  with  differerU  Kivds  of  Woods. — Tlie  wood  was  dried 
in  the  open  air,  and  then  small  pieces  of  it  were  kept  fvr  several 
weeks  in  large  flasks  containing  muriate  of  lime,  Yet  some  hygro- 
ibeirical  water  remained  in  it,  which  became  evident  when  the  wood 
freed  from  air  was  introduced  into  ammoniacal  gas,  a  watery  vapour 
spreading  itself  during  the  absorption,  which  the  heat  disengaged 
during  the  process  forced  out.  'I'he  same  appearances  took  place 
when  adhesive  slate,  linen,  wool,  and  silk,  were  exposed  to  the 
same  treatment.  All  these  bodies  again  absorbed  the  vapour.  The 
linen  threads  were  firmly  pressed  together  in  bundles  of  the  specific 
gravity  0'7S.  One  volume  of  the  following  substances  absorbed  the 
following  proportions  of  the  different  gases : — 


Hazel. 

Mulberry. 

Fir. 

Linen  Thrcttd. 

100 
11 
0-TI 
0-58 
0-58 
0'S8 
0-41 
0-31 

88 
U'46 

0-46 

0-34 

0-lS 

0'T5 

0'50 
0  21 

Oiy^rbureled  hydrogen.... 

0-3S  id 

0'3S  T 

Aiolic 

0-39 

Exper.  a,  tuith  raw  Silk  and  with  Wool. — The  specific  gravity  of 
the  skein  of  silk  was  0-731,  of  the  wool  0-6.  Before  the  experi- 
ments both  were  dried  over  muriate  of  lime.  The  temperature  was 
as  in  the  preceding  experiments.  One  volume  of  each  absorbed  the 
following  proportions  of  the  different  gases : — 


Volumei.  VolHEiei.   ' 

Ammoniacal  gas    7^ 

Carbonic  acid  gas 17     1*1 

Olefiant 0-57    0-5 

Oxygen 0-43    0-44 

Carbonic  oxide 0*3     0-3 

Hydrogen 0-3      0-3 

Azotic     0-24    0'125  >1 

•  This  TFry  liglit  variet}'  »t  chalk  \i  fnnnd  an  JnrH,  and  bag  only  llie  efCe'iSa 
pavlty  ()'465.  100  p.irtE  of  il  disiolve  CDiii|ilelel}  in  nllric  acid,  and  gWeoDlSS 
parts  of  carbnalc  acid  f;as,  which  amannts  Ici  83  parls  of  rarbonnleaf  lime.  The 
renuiaiiig  17  parla  are  cliifUy  w.tk'rt  vtiich  always  eii&[  in  a  gneatec  or  sioaller 
jirDjiDrtioa  in  all  sloon  pobaeued  i>r  a  certain  degiee  of  porosity. 
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All.  the  bodies  with  which  these  experiineDts  were  made^  ex* 
cepting  charcoal  and  hydrophane,  fix>m  the  way  in  which  I  treated 
them  before  the  absorption  of  the  gases,  imbibed  a  good  deal  of 
percury.  No  atteQtion  was  paid  to  this^  as  it  appears  that  the 
volumes  absorbed  of  the  little  absorbable  gases  are  smaller  than  the 
nze  of  the  pores  of  the  absorbing  bodies. 

I 

6.  Influence  of  the  Affinity  and  Elasticity  of  the  Gases,  and  of  the 
Porosity  of  the  solid  Bodies  on  the  Ahorption. 

The  rate  of  absorption  of  different  gases  appears  to  be  the  same 
in  all  bodies  of  similar  chemical  properties.  All  the  varieties  of 
aab^tus  condense  more  carbonic  acid  gas  than  oxygen  gas ;  woods 
condense  more  hydrogen  than  azote.  But  the  condensations  them«* 
selves  in  different  kinds  of  asbestus^  or  wood^  or  charcoal,  are  veryi 
fiur  from  being  equal.  lagniform  asbestus  absorbs  a  greater  volume 
of  carbonic  acid  gas  than  rock  cork ;  so  does  hydrophane  than  the 
swimming  quartz  of  St.  Ouen  and  the  quartz  of  Vauvert ;  and  the 
i^bsorption  of  gases  by  box-wood  clmrcoal  is  much  greater  than  by 
fir  charcoal.  These  differences  are  not  in  the  least  altered  if, 
instead  of  equal  volumes,  equal  weights  of  charcoal  be  em- 
ployed. 

Count  Morozzo  thinks  he  has  observed  that  the  most  combustible 
charcoal,  and  that  which  is  most  proper  for  the  preparation  of  gun- 
powder, possesses  the  smallest  power  of  absorbing  gases ;  and  con- 
ceives that  this  may  be  owing  to  a  chemical  difference  in  the  com- 
position of  charcoals.  But  as  the  analysis  of  charcoals  of  veiT> 
different  absorbing  powers  shows  always  the  same  constituents,  this, 
explanation  must  be  renounced  3  and  we  must  rather  ascribe  the 
cause  of  this  difference  to  the  physical  state  of  the  charcoal,  as, 
for  example,  to  the  number  and  size  of  the  pores  which  it  con- 
tains. 

To  be  able  to  determine  the  influence  which  the  porosity  oft  the 
sttte  of  aggregation  of  solid  bodies  has  upon  their  power  of  absorb- 
ing gases,  i  compared  with  each  other  the  quantities  which  the 
same  piece  of  box-wood  charcoal  absorbed  when  whole,  and  when 
rieduced  to  an  impalpable  powder.  The  piece  of  charcoal  weighed 
2*94  grammes  (45*4  grains  troy),  and  had  a  volume  of  4*92  cubic 
centimetres  (0*3  pubic  inch  English),  and  absorbed,  when  freed 
firom  air  by  the  air-pump,  35-^  cubic  centimetres  (2*731  cubic 
inches),  or  about  *J\  times  its  volume  of  atmospherical  air.  It  was 
now  rubbed  to  an  impalpable  powder,  and  put  into  a  glass  tube, 
both  the  ends  of  which  were  shut  up  with  gauze.  In  this  state  its 
weight  was  the  same  as  before;  but  its  volume  was  7*3  cubic  centi- 
metres (0*445  cubic  inch) ;  and  when  freed  from  air  by  the  air- 
pump,  it  absorbed  only  20*8  cubic  centimetres  (1*355  cubic  inch) 
of  atmospherical  air.  Thus  it  absorbed  about  three  times  its  volume 
in  a  pulverized  state,  and  about  7?  times  its  volume  when  whole : 
so. that  by  destroying,  caning,  and  widening,  the  small  i  e 
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charcoal,  its  power  of  absorbing  is  distinctly  weakened.  The  con- 
densation of  gnses  in  solid  bodies  appears  to  us  to  be  an  analogous 
result  with  the  rise  of  liquids  in  capillary  tubes.  Both  are  in  th<! 
inverse  ratio  of  the  size  of  the  interior  diameters  of  the  tubes  of 
pores, 

'ITic  absorbing  power  of  most  kinds  of  charcoal  increases  as  th«r 
EpeciRc  gravity  increases;  and  it  is  obvious  that  this  last  must  be- 
come greater  in  propojtion  as  the  pores  become  smaller  and  nar- 
rower. Charcoal  from  cork,  of  a  specific  gravity  not  exceeding  O'l, 
absorbed  no  sensible  quantity  of  atmospherical  air.  Charcoal  from 
fir,  of  the  specific  gravity  0'4,  absorbed  4-i.  times  its  volume  of 
atmospherical  air.  Box-vfood  charcoal,  of  the  specific  gravity  0'6, 
absorbed  7t  till (^  its  bulk  of  air;  and  pit  coal  from  Russibei^, 
which  was  of  vegetable  origin,  and  of  the  specific  gravity  1-S2fi, 
absorbed  10^  times  its  volume  of  air.  If  we  were  to  go  on  trying 
coals  of  always  greater  specific  gravities,  we  should  soon  come  to  a 
limit  when  the  pores  would  be  too  small  to  allow  gases  to  enter: 
then  all  absorption  would  cease,  though  the  specific  gravity  in- 
creased. Thus  the  hlank  lead  from  Cumberland,  which  contains 
0-96  of  carbon,  and  may  therefore  be  considered  as  a  coal,  though 
its  specific  gravity  is  2*17,  produces  no  alteration  on  atmospherical 
air.  The  same  was  the  case  with  a  coal  of  nearly  tlie  same  weight : 
which  I  obtained  by  dlstilliog  volatile  oil  through  a  red-hot  porce- 
kin  tube. 

But  this  correspondence  of  the  power  of  absorbing  with  the  spe-' 
cific  gravity  is  only  accidental.  More  accurate  experiments  show 
remarkable  deviations  from  this  rule.  The  different  kinds  of  char-' 
coal,  whether  of  similar  or  dissimilar  specific  gravities,  always  difier 
from  each  other  in  their  organization.  They  cannot  be  considered' 
as  resembling  a  spocgi-'j  whose  pores  and  density  may  be  modified 
by  pressure.  ' 

I  expected  to  be  able  to  render  those  bodies  capable  of  absorbing 
sir,  which,  like  the  black  lead  of  Cumberland,  are  too  dense,  and 
have  too  few  jwres,  to  allow  a  passage  for  gases,  by  reducing  them 
to  a  fine  powder.  But  my  expectations  wt-re  disappointed.  The' 
pores,  formed  by  reducing  a  solid  body  to  powder,  appear  to  be  too 
light,  too  open,  and  in  too  small  quantity,  to  be  able  to  condense  a 
sensible  quantity  of  carbonic  acid,  azote,  oxygen,  or  hydrogen. 
But  they  seem  to  act  upon  elastic  fluids,  which  lose  their  elasticity 
by  a  small  increase  of  pressure ;  for  1  know  no  body  which  in  the' 
state  of  a  fine  powder  is  not  capable  of  absorbing  moisture  firom  the' 
atmosphere ;  as  is  shown  by  the  loss  of  weight  which  all  powders- 
capable  of  standing  the  action  of.  fire  undergo  when  heated. 

From  the  experiments  hitherto  made,  it  appears  that  the  power' 
which  the  gases  possess  of  being  condensed  in  solid  bodies  is  within 
certain  limits  in  the  inverse  ratio  of  the  internal  diameter  of  the 
pores  of  the  absorbing  bodies. 
-  But,  besides  the  porosity,   thefe.are  two  Mher  circumstances' 
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which  must  be  attended  to  in  these  absorptions :  1.  The  different 
affinities  which  exist  between  the  bases  of  the  gases  and  the  absorb- 
ing bodies ;  and  2.  The  power  of  expansion  of  the  gases,  or  the  oppo- 
ntion  which  they  make  to  their  condensation  in  different  degrees  of 
heat  and  atmospherical  pressure. 

We  find  an  example  of  the  action  of  this  afiBnity  in  the  different 
.Mers  in  which  the  gases  are  absorbed  by  different  bodies.  Charcoal 
Imd  meerschaum  absorb  more  azotic  than  hydrogen  gas ;  wood,  on 
die  other  hand,  more  hydrogen  than  azotic  gas.  The  influence  of 
ebsticity  shows  itself  in  this,  that  the  condensation  of  the  gases  is 
not  always  proportional  to  the  aiSnity  of  their  bases  to  the  absorbing 
hodies.  Thus  carbonic  acid  gas  is  absorbed  in  greater  quantity  by 
charcoal  than  oxygen  gas,  although  the  affinity  of  oxygen  saturated' 
with  carbon  to  charcoal  can  only  be  weak.  To  the  elastic  fluids, 
absorbed  most  copiously  by  porous  bodies,  belong  for  the  most  part 
those  which,  by  a  known  diminution  of  temperature,  or  increase  of 
firessure,  lose  their  gaseous  state.  Thus  the  vapour  of  water  is 
absorbed  in  great  abundance  by  all  porous  bodies  capable  of  absorb- 
ing gases.  Ammoniacal  gas  is  always  absorbed  in  greatest  abun- 
dance ;  and  the  vapour  of  sulphuric  ether,  which  is  absorbed  in 
great  quantity,  by  charcoal,  meerschaum,  ligniform  asbestus,  and 
all  bodies  which  have  the  property  of  absorbing  gases. 

When  the  gases  have  a  greater  inclination  to  retain  their  elastic 
state  than  to  unite  with  porous  bodies,  the  difference  of  the  affinities 
between  their  bases  and  these  bodies  does  not  appear.  This  takes 
place  in  all  cases  when  the  condensation  does  not  correspond  with 
the  known  affinity.  On  the  contrary,  when  the  affinity  of  the  bases 
of  the  gases  for  the  porous  bodies  ^rpasses  or  destroys  their  elasti- 
city, the  absorption  corresponds  with  the  known  affinity. 

From  these  observations  it  follows,  that  the  condensation  of  gases  ^ 
by  porous  bodies,  abstracting  from  the  influence  of  the  pores,  depends 
upon  two  powers:  1.  The  attraction,  by  means  of  which  the 
b^ses  of  the  gases  and  the  porous  bodies  endeavour  to  unite  toge- 
ther :  and  2.  The  elasticity  of  the  gases,  or  the  affinity  of  their  bases 
to  heat.  These  two  powers  oppose  one  another ;  and  the  absorption 
of  the  gases  by  solid  bodies  is  the  result  of  their  difference.  These 
two  powers  have  long  ago  been  considered  by  Berthollet,  who 
showed  that  the  elasticity  of  the  gases  is  a  power  which  opposes 
their  chemical  combinations.  I  have  here  merely  applied  the  doc- 
trine of  this  celebrated  chembt  to  the  object  which  I  had  in  view* 

(r#  be  continwd.) 
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Article  II. 

An  Analysis  of  tlw  Mineral  Waters  of  Dunblane  and  Pilcaithl^  _ 
tvit/i  General  Observations  on  the  Analijsis  of  Mineral  IVdlersJ^ 
and  the  Composition  of  Bath  tValer,  Mc.  By  Jolin  Murraj'.'T 
M.0.  F.R.S.E. 

{Read  to  the  Roi/al  Societij  of  Edinlicrgh,  Nov.  20,  1814.) 

I  PROPOSE  to  submit  to  the  Society  the  analysis  of  a  mineral 
water  of  the  saline  class,  which  has  lately  been  discoveied  in  the 
neighbourhood  of  Dunblane.  The  subject  may  have  rather  more 
interest  than  usually  belongs  to  researches  of  this  nature,  from  the 
composition  of  this  water  being  such  as  promises  to  atford  a  spring 
of  considerable  medicinal  efficacy,  and  from  its  resemblance  to 
another  mineral  water  of  some  celebrity — ^that  of  Pitcaithly,  the 
analysis  of  whicli  I  have,  from  this  circumstance,  been  also  led  to 
undertake.  The  investigation,  too,  may  afford  some  illustrations  of 
the  different  methods  that  may  be  employed  in  the  analysis  of 
waters  of  this  class,  and  of  (he  facility  and  precision  which  are  given 
to  these  researches,  by  the  results  that  have  been  established  with 
regard  to  the  definite  proportions  in  which  many  bodies  combine^ 
and  the  uniformity  of  the  relations  which  thus  exbt  between  the 
compounds  they  form.  And  it  has  led  to  some  views  with  regard 
to  the  constitution  of  mineral  waters  uf  the  saline  class,  which  I 
liave  applied  to  the  composition  of  some  of  the  most  celebrated 
mineral  waters.  In  performing  (he  principal  experiments  on  the 
Dunblane  water,  I  had  the  advantage  of  Mr.  Ellis's  co-operation. 

I. — ANALYSIS    OF  THE   DDNBLANB   WATER. 

This  water  was  discovered  last  summer,  and  was  first  talten  notice 
of  from  the  circumstance  of  the  frequent  resort  of  flocks  of  pigeons 
to  the  ground  where  it  breaks  out.  It  appears  in  two  springs,  at 
the  distance  of  nearly  half  a  mile  from  each  other,  in  a  field  about 
two  miles  to  the  north  of  Dunblane,  the  property  of  the  Earl  of 
KInnoul.  This  district  is  at  no  great  distance  from  the  range  of  the 
Grampians,  to  which  it  ascends ;  masses  of  the  primitive  rocks  are 
spread  over  tiie  surface,  and  are  found  in  the  beds  of  the  streams ; 
among  which  the  conglomerate  rock  that  seems  to  skirl  the  Gram- 
plans  Is  abundant.  Tlie  prevailing  rock  of  the  district  itself  is  the 
red  sand-stone,  and  it  is  generally  covered  by  a  bed  of  gravel,  in 
many  places  of  coosiderabie  depth.  It  is  from  this  sand-stone  that 
the  water  appears  to  issue.  The  spring,  however,  in  both  the  places 
where  it  bieaks  out,  lias  been  laid  open  only  to  the  depth  of  two  or 
three  feet  from  the  surface,  and  has  not  been  traced  to  any  extent. 
Its  proper  source  is  therefore  uiiknowi),  and  it  also  remains  uocer- 
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Min  bow  far  it  may  be  diluted  witb  water  from  tbe  surface,  or  from 
pber  springs.  The  water  from  the  lower,  or  what  for  distiDCtion 
Imy  be  named  the  south  spring,  is  weaker  in  taste  than  the  water 
of  die  north  spring ;  and  from  the  subsequent  experiments  is  proved 
to  contain  rather  less  foreign  matter.  The  ingredients,  however, 
«e  the  same ;  and  the  difference  therefore  probably  arises  from  the 
water  of  the  lower  spring  being  farther  diluted  in  its  course.  This 
difierence  led  to  the  analysis  of  the  water'  of  both  springs.  It  is 
proper  to  remark,  that  both  have  been  submitted  to  examination 
after  a  season  unusually  dry. 

Analysis  of  the  IVatei'  of  the  North  Spring. 

The  taste  of  this  water  is  saline,  with  some  degree  of  bitterness. 
As  procured  from  the  principal  pool  at  which  it  issues,  it  is  free 
fifom  smell;  procured,  however,  from  some  other  pools,  at  the 
distance  only  of  a  few  feet,  its  smell  is  slightly  sulphureous,  pro- 
bably owing  to  impregnation  from  matter  at  or  immediately  under 
the  soil.  Its  sensible  operation  on  the  system  is  that  of  a  diuretic 
and  purgative.  The  former  effect  is  usually  obtained  when  a  quan- 
tity IS  taken  by  an  adult,  from  an  English  pint  to  a  quart ;  the 
latter,  when  more  than  a  quart  is  taken.  The  specific  gravity  of 
the  water  is  1*00475.  It  suffers  no  change  in  its  sensible  qualities 
from  exposure  to  the  air. 

The  state  of  the  spring  is  at  present  such,  that  any  gaseous  im- 

Egnation   of  the  water  cannot  be  determined   with  precision, 
bbles  of  air  frequently  rise  from  the  bottom  of  the  pool,  but  this 
is  merely  atmospheric  air :  transmitted  through  lime-water,  it  [ho-' 
daeed  no  sensible  milkiness }  nor  does  the  water  appear  to  contain 
any  free  carbonic  acid. 

The  usual  re-*agent$  present  with  the  water  the  following  appear- 
ances:— 

I  •  The  colours  of  litmus,  violet,  and  turmeric,  are  not  sensibly 
affected. 

2*  Muriate  of  barytes  produces  an  immediate  turbidness,  and 
rather  copious  precipitation,  which  b  very  slightly,  if  at  all,  re- 
moved by  nitric  acid. 

3.  Nitrate  of  silver  gives  a  very  dense  and  abundant  precipitate. 

4.  Water  of  potash  produces  a  tuibid  appearance,  not  very  con- 
aderabie. 

5.  Carbonate  of  potash  throws  down  an  abundant  precipitate^ 
ffthich  disappears  with  effervescence  on  adding  nitric  acid. 

6.  Lime-water  causes  no  change. 

7*  Ammonia  does  not  cause  any  precipitation,  nor  does  it  even 
impair  the  transparency  of  the  water. 

tf.  Oxalate  of  potash,  or  of  ammonia,  occasions  a  copious  pre- 
cipitation. 

9.  Tincture  of  galls  has  no  immediate  sensible  effect ;  but  after 
an  hour  or  two  a  purplish  tint  is  exhibited,  which  deepens  from  ex* 
posuro  to  the  air,  and  inclines  to  olive-green. 
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'Iliese  results  establish  the  following  con<;lusioDS : — 

Exper.  I,  proves  that  no  free  acid. or  alkaline  matter  is  present, 
nor  any  alkaline  carbonate. 

Exper.  2,  denotes  the  presence  of  sulphuric  acid. 

Exper.  3,  indicates  the  presence  of  muriatic  aclj. 

From  Exper.  4  and  5,  may  be  inferred  the  presence  either  of 
lime,  or  magnesia,  or  both. 

Esper.  ti  and  7,  prove  that  magnesia  is  not  present,  nor  aigil..  . 

Esper.  8,  proves  the  presence  of  Hme- 

Exper.  y,  indicates  a  minute  porlion  of  iron. 

The  saline  taste  of  the  water,  and  the  precipitation  so  abundant 
by  nitrate  of  silver,  render  pmbiidle  the  presence  of  muriate  of 
soda,  and  it  is  accordingly  obtained,  when  the  water  is  evaporaml 
nearly  to  dryness,  cubical  crystals  of  it  forming  in  the  saline  liquid. 

From  the  whole,  therefore,  the  principal  ingredients  of  this  water 
may  be  inferred  to  he  muriutes  of  soda  and  lime,  with  a  smaller 
portion  of  a  sulphate,  and  a  minute  quantity  of  iron.  These  con- 
clusions suggested  the  following  method  of  analysis. 

An  English  pint  of  the  water  was  evaporated  to  dryness ;  and  tlia 
sfrfid  residuum  was  exposed  (o  a  iieat  approaching  to  redness,  until 
it  became  perfectly  dry.  It  weighed  while  warm  -I?  grains.  It 
quickly  aitmcted  [nnisiure  from  the  air,  so  that  its  surface  soon  be- 
came liumid ;  and  ou  leaving  it  exposed  for  24  hours,  a  consider- 
able portion  was  dissolved,  forming  a  dense  liquor,  while  a  portion 
remained  undissolved. 

The  whole  solid  matter,  being  rendered  dry,  was  submitted  to 
the  action  of  ak-ohoi,  with  the  view  of  separating  by  solution  the 
muriates  of  soda  and  lime,  of  which  it  was  supposed  to  be  princi- 
pally composed.  It  is  well  known  that  this  method  is  liable,  id 
some  degree,  to  two  sources  of  error;  tiie  one,  that  a  little  muriate 
of  soda  is  dissolved  by  tiie  alcohol  wiih  the  muriate  of  lime;  the. 
other,  that  even  when  a  large  quantity  of  alcohol  is  employed,  the 
undissolved  muriate  of  soda  retains  a  small  portion  of  muriate  of 
lime.  In  estimating  the  quantities  fiom  the  resulu,  these  errors, 
indeed,  in  some  measure  counterbalance  each  other;  but  still  tbey 
may  exist  in  different  degrees,  according  to  the  quantity  and  strength, 
of  the  alcohol,  and  it  is  necessary  therefore  to  obtain  perfect  preci- 
sion, to  obviate  them  as  fer  as  possible. 

With  this  vi6w  the  entire  matter  was  digested  with  repeated  por- 
tions of  alcohol,  of  the  speciSc  gravity  of  &36,  until  about  sis  times 
its  weiglit  had  been  employed;  the  solvent  action  being  aided  by, 
frequent  agitation,  and  an  occasional  heat  of  about  1 00°.  It  was 
then  lixiviated  with  a  small  portion  of  distilled  water,  to  remove 
more  effectually  from  the  muriate  of  soda  any  adhering  muriate  of 
lime.  The  different  liquors,  being  mixed,  were  cvaiwraicd  to 
dryness;  and  this  dry  mass  was  again  submitted  to  the  aciion  of 
alcohol,  more  highly  rectified,  (being  of  the  specific  gravity  of 
£26,)  and  in  smaller  quantity,  so  as  to  dissolve  only  that  part  of  it 
nhich  was  muriate  of  lime.     A  small  portion  of  muriate  of 
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vlidi  had  been  dissolved  in  the  first  digestiob,  was  thus  c^tained, 
od  was  added  to  the  residue  of  that  operation.  The  whole  undis- 
lolfed  matter  being  dried  at  a  low  red  heat,  weighed  while  warm 
9^5  grains :  it  was  in  snrtaU  grains,  having  a  taste  purely  saline. 
Ik  alcoholic  solution  attbrded,  by  evaporation,  a  matter  which 
imered  into  fusion,  and  which,  after  being  dried  at  a  heat  approach- 
lag  to  redness,  weighed  while  warm  18*2  grains.  It  was  highly 
I  idiquescent,  so  as  to  increase  quickly  in  weight,  and  in  a  short 
lime  became  humid  on  the  surface. 

lliese  two  products  were  evidently  principally  muriate  of  soda 
ttd  muriate  of  lime.  But  it  was  necessary  to  ascertain  if  they  were 
entirely  so,  as  both  of  them  might  contain  small  portions  of  other 
ingredients. 

The  matter  dissolved  by  the  alcohol,  supposing  it  to  be  muriate 
of  lime,  would  require  for  its  conversion  into  sulphate  of  lime  about 
16  grains  of  sulphuric  acid  of  the  usual  strength  :  18  grains  were 
addbd  with  a  small  portion  of  distilled  water,  and  heat  was  applied ; 
vapours  of  muriatic  acid  were  discharged :  to  render  the  mutual 
ietion  more  complete,  small  portions  of  water  were  successively 
idded^  the  soft  mass  being  frequently  stirred;  and  when  the  vapours 
had  ceased  to  exhale,  the  heat  was  raised  to  redness,  to  expel  any 
eieess  of  acid.  The  dry  matter  weighed  22  grains,  precisely  the 
quantity  that  ought  to  be  obtained  from  18  grains  of  muriate  of 
Dine* 

It  was  diffused  in  a  quantity  of  water,  which  it  at  first  absorbed 
with  a  hissing  noise.  The  water,  after  having  been  added  in  suc- 
ceadve  quantities,  with  frequent  agitation,  being  poured  off,  tlie 
undissolved  matter  was  dried  at  a  low  red  heat:  it  weighed  18*5 
grains,  and  formed  a  soft  white  powder,  free  from  taste,  llie 
water  poui«d  off  was  very  slightly  acidulous.  This  was  neutralized 
by  ammonia;  it  was  then  evaporated  to  dryness,  and  the  solid 
matter  was  heated  to  redness.  On  again  submitting  it  to  the  action 
of  a  small  quantity  of  water,  a  portion  remained  undissolved,  which 
weighed  when  dried  2  grains.  * 

There  were  thus  obtained  20*5  grains  of  sulphate  of  lime,  a 
quantity  equivalent  to  16*7  of  dry  muriate  of  lime.  The  small 
portion  of  liquor  which  remained  in  the  last  operation  hada  bitterish 
taste:  by  spontaneous  evaporation,  it  formed  acicular  crystals;  di- 
luted with  distilled  water,  it  became  slightly  turbid  on  adding  oxa- 
late of  ammonia,  and  more  so  on  the  addition  of  alcohol ;  but  in 
the  latter  case,  the  transparency  was  restored  on  adding  watei*.  With 
a  minute  portion,  therefore,  of  sulphate  of  lime,  it  appeared  to  {)« 
principally  sulphate  of  soda,  derived  from  a  little  muriate  of  soda, 
which,  notwithstanding  the  precautions  that  were  employed,  had' 
adhered  to  the  muriate  of  lime. 

The  matter  which  remained  undissolved  by  the  alcohol  weighed, 
It  has  been  stated,  28'5  grains.     It  remained  to  ascertain  if  it  were 
entirely  muriate  of  soda. 
Being  agitated  with  about  half  an  Ottoce  of  d\&t\\\t!i  aL 
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ffoaa^^^Ba  dissolved.  The  portion  which  remained 
solved,  after  being  waslied  witli  smnll  quantities  nf  distilled 
and  dried,  weighed  2*4  grains.  To  this  matter  a  little  dduted 
ai:id  being  added,  a  slight  effervescence  was  excited:  a  thin 
too,  adhered  to  the  sid&s  of  the  small  glass  globe  in  which  the  li 
stage  ol'  the  evaporation  had  been  performed,  which  was  dissolTm 
with  effervescence  by  a  weak  acid.  The  quantity  of  carOnnate  ^ 
lime  ihus  indicated  may  be  estimated  at  05  grain.  The  remaindn  ' 
of  the  undissijlved  residue  being  washed  and  dried,  wa.s  heated  wilb 
two  or  three  drops  of  sulphuric  acid,  and  was  thus  rendered  soluble 
in  water.  When  neutralized  by  ammoula,  the  solution  became 
tnilky ;  but  its  transparency  was  restored  by  adding  more  water ;  it 
became  quite  turbid  on  adding  oxalate  of  potash,  and  a  precipitate 
was  thrown  down  by  alcohol.  It  was  therefore  sulphate  of  liittt. 
Its  quantity  may  be  slated  at  two  grains. 

The  solution  liad  a  taste  purely  saline.  The  test  of  oxalate  of 
ammonia,  however,  showed  the  presence  in  it  of  a  small  quantity 
of  lime  ;  the  addition  of  the  oxalate  was  therefore  continued  as  long 
as  any  precipitation  took  place,  and  the  precipitate  was  collected 
aud  dried.  It  weighed  1*3  grain.  This  production  of  oxalate  of 
lime  evidently  arose  from  the  presence  of  a  small  portion  of  muriate 
of  lime,  which,  notwithstanding  the  precautions  that  bad  been  em- 
ployed, had  adhered  to  the  muriate  of  soda.  Supposing  that  thi* 
had  not  escaped  the  action  of  the  alcohol,  but  had  been  dissolved 
by  it,  and  in  the  subsequent  stage  of  the  experiment,  been  con- 
verted into  sulphate  of  lime,  it  would  have  increased  the  quantity 
of  this  sulphate  about  1'2  grain,  making  it  therefore  21-7,  equiva- 
lent to  1;'6  grains  of  dry  muriate  of  lime,  which  the  pint  of  water 
contains. 

The  solution  contained  also  a  minute  quantity  of  sulphuric  acid ; 
for  after  removing  any  slight  excess  of  oxalic  acid  that  might  have 
been  present,  it  still  gave  a  precipitate  on  the  addition  of  muriate 
of  barytes.  Supposing  this,  as  well  as  the  rest  of  the  sulphuric  acid, 
to  have  existed  m  the  water  in  the  state  of  sulphate  of  lime,  it  will 
increase  the  quantity  of  that  ingredient  (calculating  from  the  weight 
of  the  precipitate  of  sulphate  of  barytes  obtained),  from  the  two 
grains  formerly  noticed  to  2'9, 

There  appeared  now  to  remain  nothing  hut  pure  muriate  of  soda. 
The  solution  by  slow  evaporation  afforded  that  salt  in  cubical  crys- 
tals, which,  dried  at  a  low  red  heat,  weighed  24'5  grains.  Allowing 
0-8  of  this  as  the  portion  of  product  formed  by  the  action  of  the 
muriate  of  barytes.  It  leaves  23'7  grains.  And  if  to  this  be  added 
one  grain,  as  the  equivalent  of  the  small  portion  of  sulphate  of 
soda,  already  noticed  as  formed  by  the  action  of  the  sulphuric  acid 
on  the  muriate  of  soda  adhering  to  the  muriate  of  lime  after  the 
operation  of  the  alcohol,  ft  gives  the  quantity  of  muriate  of  soda  at 
24*7  grains. 

From  these  results,  the  solid  ingredients  in  a  pint  of  this  water 
appear  to  be. 
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Grains. 

Muriate  of  soda 24*7 

Muriate  of  lime  •  •  • .  • 17*6 

Sulphate  of  lime     2*9 

Carbonate  of  lime 0'& 

With  a  trace  of  iron,  

45*7 

Having  completed  the  analysis  in  this  manner^  I  wished  to  coo* 

im  it  by  a  different  niethod.     A  very  simple  one  presented  itself— » 

to  reduce  by  evaporation  to  dryness — obtain  the  sulphate  of  lime  as 

bdbre-^then,  dissolving  the  mixed  mass  of  muriate  of  lime  and 

annate  of  soda  in  water,  decompose  the  muriate  of  lime  by  oxalate 

of  ammonia,  so  as  to  find  the  quantity  of  it  present,  and  after  eva- 

poratioD  to  volatilize  the  muriate  of  ammonia  by  heat,  and  thus 

obtain  the  muriate  of  soda.    The  results  in  this  mode  ought  to  cor- 

respond  with  those  in  the  former ;  and  the  one,  therefore,  afford 

H  ODofirmation  of  the  other,  or  lead  to  the  discovery  of  any  fallacy 

if  it  exist. 

A  pint  of  the  water  was  evaporated  to  dryness,  and  afforded,  as 
biefore,  47  grains  of  solid  matter.  This  being  submitted  to  the 
acdon  of  a  small  quantity  of  distilled  water,  was  dissolved,  with  the 
exception  of  a  residue  of  sulphate  of  lime,  which  weighed  2*6 
grains,  and  a  little  carbonate  of  lime,  which  may  be  estimated,  as 
before,  at  0*5  grain. 

To  the  clear  solution  a  solution  of  oxalate  of  ammonia  was  added 
as  long  as  any  turbid  appearance  was  produced  ;  and  after  the  pre- 
cipitate had  subsided,  the  liquor  was  heated  nearly  to  boiling,  to 
render  the  mutual  action  and  the  precipitation  more  perfect.  The 
precipitate  being  repeatedly  washed  with  distilled  water,  was  dried 
by  the  heat  of  a  sand-bath  raised  gradually,  and  kept  lower  than  a 
led  heat.  It  weighed  21  gr.  The  quantity  of  muriate  of  lime  which 
would  be  equivalent  to  this  cannot  be  inferred  with  certainty  from  any 
previous  analysis  of  oxalate  of  lime ;  for  as  the  oxalate  cannot  be 
exposed  to  a  red  heat  without  decomposition,  it  cannot  easily  be 
subjected  to  a  precise  degree  of  heat,  by  which  we  can  be  certam  of 
obtaining  it  in  pn  uniform  state  of  dryness.  *  It  is  necessary,  there- 
fore, that  in  every  case  the  quantity  of  lime  should  be  found  in  the 
oxalate  that  is  operated  on.  Tlie  above  quantity  of  21  grains  was 
converted  by  calcination  into  carbonate  of  lime ;  and  this  being 
decomposed  by  muriatic  acid,  the  quantity  of  muriate  of  lime  ob- 
tained,'dried  at  a  low  red  beat,  and  weighed  while  warm,  amounted 
to  J S*3  grains.. 

The  Uquor  poured  off  from  the  precipitate  was  evaporated  to 
dryness ;  and  to  expel  tlus  muriate  of  ammonia  formed  by  the  action 

*  Kefctnn^  la  those  analyse  which  nay  be  iupp<ited  to  be  mmX  i^cc^T^\«i^  %V 
Kraini  of  ozalal^  of  lime  will  be  found  equlvulcui  to  \aT\o\is  \itoi^v\\\X^w<^^  ^x^^ai^ 
t7'5  to  19'9  of  murinte  of  lime. 
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of  the  oxalate  of  ammonia  on  the  muriate  of  lime,  the  heat  i 
continued  while  any  vapours  were  disengaged,  and  at  llie  end  \ 
raised  nearly  to  redness.    The  dry  mass  weiglied,  while  warm,i 
grains.     Being  dissolved  In  waier,  iis  solution  was  rendered  fl 
slightly  turhid  by  the  addition  of  muriate  of  barytes,  sliowing-f 
presence  of  a  minute  portion  of  sulphuric  acid,     A  quantity  of  ^ 
cipitaie  was  collected,  which,  when  dried,  weighed  0-8  grain.  Sup-  * 
posing  the  sulphuric  acid  of  this  to  have  originally  existed  in  the 
water,  along  with  the  other  portion  of  this  acid,  in  the  state  of  aul- 
pliale  of  lime,  it  gives  a  proportion  of  that  sulphate  of  0-5  grain, 
and  of  course  increases  the  quantity  of  it  from  the  '2'(>  grains  oh-     . 
tained  by  evaporation  to  3*1  grains.     An  equivalent  quantity  must     V 
at  the  same  time  he  subtracted  from  the  proportion  of  muriate  of 
lime,  which  may  therefore  be  reduced  to  18  grains.  By  evaporatiaq 
'  of  the  liquor,  muriate  of  soda  was  obtained,  weighing,  whea  it  htd 
been  dried  at  a  low  red  heat,  24'3  grains.     Of  this  a  small  portion 
(0'4)  would  be  formed  by  the  muriate  of  barytes,  which  requires  to 
be  deducted ;  but  then  the  sulphuric  acid  which  existed  in  the  man, 
could,  after  the  action  of  the  oxalate  of  ammonia,  and  the  exposure 
to  a  red  heat,  exist  in  it  only  in  the  state  of  sulphate  of  soda,  in  the     ; 
production  of  which  an  equiialeut  portion  of  muriate  of  soda  would 
be  decomposed.     The  quantity  of  muriate  of  soda  obtained,  there- 
fore, by  the  evaporation,  may  be  regarded  as   the  just  proportion 
indicated  by  the  analysis. 

The  resulis,  then,  by  this  method,  agree  very  nearly  with  those 
by  tlie  other;  being  of  solid  ingredients  in  a  pint  of  the  water, 

'"■ ^ 

^uriate  of  soda 24-3  ^^^H 

Muriate  of  lime 18  ^^^H 

Sulphate  of  lime 3*1  ^^^H 

Carbonate  of  lime    0'5  ^^^H 

With  a  trace  of  iron.                                  ^^^H 

45-9  ^^1 

With  regard  to  both  analyses,  a  small  correction  is  to  be  made  in 
the  proportion  of  sulphate  of  lime.  The  mode  of  ascertaining  it, 
by  evaporation,  being  rather  imperfect,  1  afterwards  determined  it 
by  the  more  accurate  method  of  precipitation  by  muriate  of  liarytcs ; 
applying  this  re-agent  with  a  slight  excess  of  acid,  sD  as  to  prevent 
any  precipitation  of  carbonate.  The  quantity  of  precipitate  thrown 
down  from  a  pint  of  the  water  amounted,  after  drying  at  a  low  red 
heat,  to  tt'l  grains,  equivalent  to  3'5  grains  of  sulphate  of  lime. 
As  the  portjon  of  sulphate  of  time  thus  obtained  above  that  obtained 
by  the  evaporation  would  reniaiii  principally  mixed  with  the  muriate 
of  sotia,  the  quantity  of  that  ingredient  fails  to  be  reduced  a  little, 
and  may  llierefore  he  stated  at  24  grains. 

It  remained  to  ascertain  the  proportion  of  iron.  The  quantity, 
however,  was  evidently  so  small  as  to  present  a  difficulty.  Succinate 
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«f  adamoDia  and  benzoate  of  soda  produced  little  or  no  efiect  oo  the 
,  mter  in  its  natural  state.  Infusion  of  galls  produced,  after,  some 
tfdumy  a  dark  colour,  and  a  precipitate  very  slowly  subsided.  This 
method  has  been  employed  to  ascertain  minute  quantities  of  iron, 
and  1  endeavoured  to  avail  myself  of  it — adding  to  the  water 
jnfosion  of  galls,  in  small  successive  portions,  at  the  interval  of  a 
day  or  two,  as  long  &s  the  colour  appeared  to  be  rendered  deeper; 
feavitig  it  exposed  to  the  air  for  a  longer  time,  that  the  whole  matter 
Tendered  insoluble  might  subside ;  and,  lastly,  washing  the  preci- 
ptate,  drying  and  calcining  it,  to  consume  the  vegetable  matter, 
nd  obtain  the  oxide  of  iron.  The  difficulty,  however,  attending 
this  method,  is  that  of  precipitating  entirely  the  iron,  the  liquor 
never  becoming  colourless.  In  one  expeiiment,  conducted  with 
much  care,  the  quantity  of  the  calcined  product  from  two  pints 
amounted  to  0*4  grain  ^  but  it  consisted  partly  of  carbonate  of  lime. 
To  remove  this,  pure  muriatic  acid  dihited  was  added  in  excess,  and 
a  moderate  heat  was  applied  ;  the  precipitate  was  entirely  dissolved, 
and  the  liquor  acquired  a  deep  yellow  colour.  Being  further  diluted, 
a  little  pure  ammonia  was  added  to  it,  in  a  close  pliial,  to  precipitate 
the  oxide  of  iron,  while  the  lime  should  remain  dissolved.  The 
Quantity  thus  obtained,  when  dried,  amounted  to  0*27  grain. 

This  method  being  liable  to  the  above  objection, .  I  employed  an- 
other :  two  pints  of  the  water  were  evaporated  :  when  reduced  to 
about  two  ounces,  a  brownish-coloured  sediment  was  deposited, 
which  was  removed ;  the  evaporation  was  carried  to  dryness,  and 
the  dry  mass  was  redissolved  m  distilled  water.  The  insoluble  re- 
sidue was  of  a  greyish  colour,  and  to  this  the  dcposite  formed  during 
the  evaporation  was  added.  It  was  known  by  previous  experiments 
that  the  greater  part  of  the  iron  was  separated  in  this  way  ;  the  in- 
soluble matter,  when  digested  with  muriatic  acid,  affording  a  liquor, 
when  diluted  with  water,  which  gave,  after  neutralization  with  am- 
monia, a  deep  colour  with  tincture  of  galls.  To  ensure,  however, 
the  more  perfect  separation  of  the  iron,  ammonia  was  added  to  the 
solution  of  the  solid  matter  which  had  been  procured  by  evapora- 
tion, and  care  being  taken  that  the  ammonia  was  free  from  carbonic 
acid,  little  or  no  precipitation  could  take  place  but  of  oxide  of  iron. 
A  yellowish  flocculent  precipitate  subsided  slowly, which,  after  being 
washed,  was  added  to  the  insoluble  residue. 

The  insoluble  matter  thus  collected  consisted,  as  the  preceding 
steps  of  the  analysis  establish,  chiefly  of  sulphate,  with  a  smaller 
portion  of  carbonate  of  lime,  with  which  was  mixed  the  oxide  of 
iron.  A  drop  or  two  of  sulphuric  acid  was  added,  to  convert  the 
carbonate  into  sulphate  of  lime ;  and  heat  was  applied  to  expel  any 
excess  of  acid.  A  little  pure  muriatic  acid  was  then  added  to  dis- 
solve the  oxide  of  iron,  and  to  form  with  more  certainty  the  red 
muriate,,  soluble  in  alcohol,  a  drop  of  nitric  acid  was  added  along 
Avith  it*  On  applying  heat,  wi{h  the  addition  of  a  little  water!,  to 
fevour  the  action,  a  yellow  colour  was  acquired.  When  the  excess 
of  acid  was  nearly  dissipated^  the  mass  was  T«^|^led\^  VxTX^vdX^^'^f^ 
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alcohol,  in  which  sulphate  of  lime  being  insoluhle,  the  muria 
iron  only  would  be  dissolved.  The  alcohol  acquired  accordingly  a 
yellow  colour.  Being  evaporated  by  a  gentle  heat,  it  gave  a  resi- 
duum which,  on  a  drop  of  nitrous  acid  being  added,  became  of  i 
deep  reddish  brown  colour,  and  after  being  heated  Wrongly,  weighed 
034  grain.  Rediasolved  in  muriatic  acid,  it  formed  a  rich  yelloir- 
coloured  solution,  and  gave  a  deep  colour  wiih  tincture  of  galls. 

Even  in  this  wjy  the  whole  iron  is  not  obtained  ;  for  the  solution 
of  the  saline  matter,  ibougli  ammunia  had  been  added  to  it,  to  pre- 
cipitate the  iron,  still  gave  a  weak  colour  with  galls.  Tlie  quantity 
therefore  is  rather  under-rated.  Taking  ihc  above,  however,  as  the 
proportion,  the  whole  composition  will  be,  in  a  pint  of  the  water 
of  the  north  spring, 


Muriate  of  soda 24 

Muriate  of  lime    18 

Sulphate  of  lime , 3*5 

Carbonate  of  lime 0-5 

Oxide  of  iron    0-17 

46-17 


1 
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Analysts  of  the  Water  of  the  South  Spring. 

The  water  of'  this  spring  has  a  taste  similar  to  that  of  the  other, 
hut  rather  weaker :  it  produces  similar  medicinal  effects.  In  the 
present  state  of  the  spring  its  strength  is  more  variable,  according  to 
the  state  of  the  weather.  From  this  circumstance,  and  from  its 
being  ratlier  weaker,  it  has  probably  a  greater  intermiKlurc  of  sur- 
fiice-water,  or  of  the  water  of  other  springs.  When  taken  up  after 
continued  dry  weather,  it  afforded,  by  evaporation,  42  grains  of 
solid  matter  from  a  pint ;  the  other  affording,  at  the  same  time,  47 
grains.  Its  specific  gravity  was  found  to  be  1"004I9.  it  was  in  this 
state,  the  strongest  in  which  it  was  found,  that  it  was  submitted  to 
the  following  examination. 

The  application  of  re-agents  produced  the  same  appearances  as 
with  the  water  of  the  nortb  spring,  indicating,  therefore,  the  pre- 
sence of  the  same  ingredients.  To  determine  liiis  with  more  pre- 
cision, and  to  ascertain  the  proportions,  the  same  methods  of  ana- 
lysis were  employed  which  had  been  used  witii  regard  to  the  other. 
It  will  be  sufficient  to  slate  the  results  by  one  method — the  second 
of  those  before  described. 

A  pint  of  the  water  was  submitted  to  evaporation,  and  afforded 
of  dry  matter,  weighed  while  warm,  42  grains.  This  was  redis- 
solved  in  distilled  water.  There  remained  undissolved  a  portion 
which,  when  thoroup)ily  dried,  weighed  i*5  grains.  This  suffered 
a  very  slight  effervescence  with  muriatic  acid,  similar  to  that  excited 
in  the  insoluble  matter  ''f  ihe  water  of  the  north  spring;  a  similar 
thin  crust,  too,  had  formed  on  (he  sides  of  the  glass  capsule,  which. 
«'as  removed  with  effervescence  by  a  drop  of  muriatic  acid.     The 
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'xelatiTe  proportions^  therefore,  of  sulphate  and  carbonate  of  lime 
csay  be  regarded  as  the  same :  and  the  insoluble  residue  will  thus 
consist  of  0*3  of  carbonate  and  2*3  of  sulphate  of  lime.  By  pre- 
cipitation- by  muriate  of  barytes  from  another  pint  of  the  water« 
Mdilar  results  were  obtained. 

•  'To  the  clear  liquor  oxalate  of  aftimonia  was  added  as  long  as  it 
produced  any  turbid  appearance.  The  precipitate  collected  and 
joriedy  being  converted  by  calcination  mto  carbonate  of  lime, 
tffiirdedj  when  acted  on  by  muriatic  acid,  16  grains  of  dry  muriate 
of  lime. 

.  The  solution  poured  off  from  the  precipitate  was  evaporated  to 
dryness,  and  the  dry  mass  was  exposed  to  a  heat  gradually  raised  to 
redness,  until  it  ceased  to  exhale  any  vapour.  The  muriate  of 
9mmonia  formed  by  the  action  of  the  oxalate  of  ammonia  on  the 
muriate  of  lime  was  thus  expelled,  and  the  muriate  of  soda  of  the 
water  remained.  It  weighed  22*5  grains. 
The  results,  then,  by  this  method,  are  from  a  pint  of  the  waterj 

Gratot. 

Muriate  of  soda    22*5 

Muriate  of  lime 16 

Sulphate  of  lime 2*3 

Carbonate  of  lime 0*3 

Oxide  of  iron 0*15 


41-25 


The  proportion  of  iron  I  have  stated  as  similar  to  that  of  the 
north  spring,  from  the  colour  produced  by  the  tincture  of  galls 
being  nearly  the  same. 

From  the  almost  perfect  similarity  in  the  composition  of  the  two 
waters,  with  regard  to  the  pro|X)rtions  of  their  ingredients,  there  is 
every  reason  to  conclude  that  they  are  from  the  same  spring ;  the 
weaker  being  either  mixed  with  surface  water  at  the  pool,  or  being 
diluted  in  its  course. 

The  determination  of  the  composition  of  this  water  suggests  the 
question  whether  this  is  such  as  to  account  for  the  medicinal  effects 
It  produces.  It  acts,  as  has  been  stated,  as  a  diuretic,  and  in  a 
larger  dose  as  a  cathartic.  This  water,  and  the  mineral  water  of 
Pitcaithly,  present  in  some  respects  a  peculiarity.  The  greater 
number  of  saline  waters  which  have  a  purgative  quality  contain 
roagnesian  salts,  to  which,  as  they  are  known  to  act  as  cathartics, 
the  effect  is  obviously  to  be  ascribed.  Of  the  ingredients  of  the 
Dunblane  and  Pitcaithly  springs,  muriate  of  lime  is  scarcely  known 
to  have  any  purgative  power  in  its  pure  form ;  and  if  muriate  of 
soda  possess  it,  it  is  only  in  an  inconsid*"*^le  degree.  Still  there 
can  be  no  doubt  that  it  is  to  this  impr  t  their  operation  is 

owing  ;  and  they  afford  a  proof,  the  ^t  is  indeed  suffi- 

ciently established,  that  the  powei  >rs  are  often 

much  greater  than  c    "  ^i  expecte,  \>\^5Si\\v\ 
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of  dieir  ingredients,  and  that  the  action  of  saline  substances  is  iik 
creased,  and  considerably  modified  when  they  are  in  a  state  of  greflt 
dilutton. 

Independent  of  its  purgative  operation,  and  its  adaptation  to  the 
treatment  of  diseases  in  which  this,  is  advantageous,  its  compositkm 
may  probably  render  it  a  remedy  of  efficacy  in  some  constitutional 
affections,  particularly  in  scrofula.  Mtiriate  of  lime  has  attained 
some  celebrity  in  the  treatment  of  this  disease ;  it  is  a  substance  of 
considerable  activity  in  its  effects  on  the  living  system  ;  and  it  ^H 
probably  operate  with  more  effect,  and  more  advantage,  in  the  state 
of  (blution  in  which  tt  is  presented  in  a  mineral  spring,  than  when 
given  in  a  more  concentntted  form.  The  muriate  of  soda  may  coinh 
cide  with  it  in  efficacy,  and  will  be  of  advantage  from  its  grateful 
taste,  and  its  stimulant  action  on  the  stomach  :  and  the  chalybeaite 
kapregDation  will  communicate  some  degree  of  tonic  power.  When 
employed  in  such  cases,  it  probably  ought  to  be  given  in  smaller 
doses,  than  when  the  advantage  to  be  derived  from  it  depends  on  its 
purgative  operation ;  and  it  may  even  prove  more  advantageous  if 
given  in  a  state  of  greater  dilution.  I  shall  in  the  sequel  have  to 
state  a  view  of  its  coinposit'ron,  which  connects  it  with  some  mineral 
springs  of  great  celebrity,  and  particularly  with  the  Bath  waters. 

Dunblane,  as  a  watering  place,  would  be  possessed  of  considerable 
stdvantages.  Situated  between  the  range  of  the  Ochil  Hills  and  the 
Grampi'rins,  it  is  well  sheltered,  and  hence  enjoys  a  mild  atmosphere; 
and  the  sdl,  from  being  a  bed  of  gravel  for  a  number  of  miles 
around,  is  extremely  dry — an  advantage  inestimable  in  a  moist  cli- 
mate. 

It. — ANALYSIS  OF   PITCAITHLT  WATER. 

The  water  of  Piteaithly  may  be  regarded  as  the  principal  mineral 
water  of  the  saline  class  in  this  country.  Dr.  Donald  Monro  showed 
that,  along  with  a  little  mild  calcareous  earth,  it  contained  muriate 
of  soda,  with  a  deliquescent  salt,  which  he  inferred  to  be  chiefly 
"  a  calcareous  marine,"  that  is,  muriate  of  lime.*  An  analysis  of 
it  was  published  a  number  of  years  ago,  executed  by  Messrs.  Stod- 
dart  and  Mitchell,  of  Perth.  There  are  different  springs,  the  waters 
of  which  they  found  to  be  somewhat  different  in  strength.  The 
nature  of  the  impregnation  is  in  all  of  them,  however,  the  same. 
'Selecting  the  strongest,  it  contains,  according  to  their  analysis,  the 
following  ingredients  in  an  English  pint : — 

Atmospheric  air 0*5  cub.  in. 

Carbonic  acid  gas     1 

Muriate  of  soda   1 2*5  grains 

Muriate  of  4ime 22*5 

Sulphate  of  lime 0'7 

Carbonate  of  lime    0*6  f 

-«  Philosophical  Transactions,  vol.  liii. 
f  Statiftical  Acc<mnt  O'f  S^otlonil,  vol,  viii. 
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The  compositioQ  of  this  water,  according  to  this  analjrsis,  is  very 
nmilar  to  that  of  the  Dunblane  water.  No  account  is  given,  how* 
ever,  so  far  as  1  have  been  able  to  discover,  of  the  manner  in  which 
H  had  been  executed,  and  it  is  therefore  uncertain  to  what  state  of 
jrynass  the  ingredients  had  been  brought  to  which  their  proportions 
are  referred.  Hence  no  comparative  estimate  can  be  mude  of  it 
with  any  other  mineral  water ;  and  this  led  me  to  undertake  its 
analysis,  in  tbe  same  manner  as  that  of  the  Dunblane  water. 

Pitcaithly  is  situated  in  the  valley  of  Strathem,  and  though  at 
rather  a  greater  distance  from  the  front  range  of  the  Grampians 
than  Dunblane,  it  is  not  improbable  that  the  spring  may  have  a 
similar  origin  with  the  Dunblane  one,  and  may  rise  from  tiie  red 
•and-stone  which  appears  to  form  the  tirst  rock  on  descending  from 
the  primitive  rocks,  and  to  extend  over  all  this  district. 

The  taste  of  this  water  is  saline,  and  somewhat  bitter.  Comparing 
it  with  the  Dunblane  water,  both  being  tasted  at  the  same  time,  the 
taste  of  the  Dunblane  water  is  stronger,  and  in  particular  more 
saline  than  that  of  the  other.  The  medicinal  operation  of  the  Pit* 
eaithly  water,  in  the  sensible  effects  it  produces,  is  diuretic  and  pur- 
gative. 
.   The  gaseous  impregnation  of  the  water  could  be  examined  pro* 

e)rly  only  at  the  spring,  which  1  had  not  the  opportunity  of  doing. 
ut  having  procured  a  quantity  of  the  water,  I  submitted  it  to- the 
same  examination  as  in  the  preceding  analysis,  to  ascertain  its  solid 
contents.  The  usual  re-agents  produced  the  following  appear* 
ances : —  ' 

1.  The  colours  of  litmus,  violet,  and  turmeric,  were  scarcely 
affected.  If  there  were  any  change,  it  was  that  of  the  litmus  be- 
coming more  blue,  and  that  of  the  violet-green ;  but  this  was  so 
slight  as  to  be  rather  doubtful.  The  turmeric  underwent  no  change. 

2.  Muriate  of  barytes  produced  a  turbid  appearance  and  precipi* 
tation ;  but  this  was  much  less  considerable  than  in  the  Dunblane 
water.    The  transparency  was  not  restored  by  nitric  acid. 

3.  Nitrate  of  silver  produced  a  very  dense  and  copious  preci* 
pitate. 

4.  Water  of  potash  gave  a  milkiness  not  very  considerable. 

5.  Carbonate  of  potash  threw  down  a  copious  precipitate,  which 
disappeared  with  effervescence  on  adding  nitric  acid. 

6.  Lime-water  had  no  sensible  effect. 

7-  Ammonia,  when  perfectly  frea  from  carbonic  acid,  caused  no 
turbid  appearance. 

8.  Oxalate  of  ammonia  produced  an  abundant  precipitation. 

9.  Tincture  of  galls,  added  in  a  very  minute  quantity,  did  not 
immediately  produce  any  effect ;  but  after  a  few  hours,  a  dark  colour 
appeared,  which  gradually  deepened,  inclining  to  an  olive-green. 

With  all  these  tests,  the  general  results  are  the  same  as  those 
from  the  operation  of  the  same  tests  on  the  Dunbli<  '>^     In 

experiment  7th,  the  ammonia,  if  not  perfectly  fre«  booic 
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acid,  produced  a  slight  turbid  appearance ;  and  even  when  in  its 
purest  stale,  a  very  slight  opalescent  hile  was  perhaps  apparent;  but 
this  obviously  depended  on  Ihe  presence  of  a  lillle  carbonic  acid  j 
for  when  a  drop  or  two  of  nitric  acid  was  previously  added,  and  the 
water  heated,  no  such  appearance  was  produced ;  or,  if  boiled 
strongly,  without  any  addition  of  acid,  on  restoring  the  original 
quantity  of  liquid,  by  adding  distilled  water,  the  transparency  was 
not  in  the  slightest  degree  altered  on  adding  pure  ammonia.  The 
slight  precipitate,  too,  which  did  occur  in  any  case  was  dissolved  by 
the  most  minute  cjuantiiy  of  muriatic  acid  with  effervescence;  and 
this  solution  became  turbid  on  adding  oxalate  of  ammonia,  proving 
the  precipitate  to  have  been  carbonate  of  lime. 

The  same  general  conclusions,  then,  with  regard  to  the  nature  of 
theiogredicnls,  are  to  be  drawn  from  the  preceding  results  as  from 
the  application  of  the  same  tests  to  the  Dunblane  water.  They 
suggest  of  course  a  similar  mode  of  analysis.  1  preferred  the 
second  of  the  methods  above  described,  as  being  the  most  simple 
snd  easy  of  execution. 

An  English  pint  of  the  water  was  submitted  to  evaporation.  Be- 
fore the  matter  became  dry,  numerous  cubical  crystals  were  formed, 
indicating  the  presence  of  muriate  of  soda:  when  dry,  the  solid 
matter  entered  readily  into  fusion  with  eft'ervescence,  denoting  the 
predominance  of  muriate  of  lime.  The  dry  matter  was  highly  de- 
liquescent. After  exposure  to  a  heat  inferior  rather  to  redness,  it 
weighed  while  warm  35  grains. 

This  dry  matter  was  rcdissolved  in  about  ten  times  its  weight  of 
distilled  water.  Asmall  portion  remained  undissolved,  which,  being 
washed  and  dried,  weighed  1*2  grain.  A  tittle  diluted  muriatic  acid 
dropt  upon  this  excited  slight  effervescence ;  but  the  greater  part 
remained  undissolved,  and  weighed,  after  washing  and  essiccatlon, 
0*9  grain.  It  was  sidphale  of  lime.  A  very  thin  crust  adhered  to 
the  sides  of  the  glass  globe  in  which  the  last  stage  of  the  evaporation 
had  been  performed.  This  was  dissolved  with  effervescence  by  di- 
luted muriatic  acid,  and  the  solution  became  quite  turbid  on  adding 
oxalate  of  ammonia.  The  quantity  of  carloiiale  if  Vnne  thus  indi- 
cated, adding  the  portion  abstracted,  as  above,  from  the  sulphate, 
cannot  be  estimated  at  more  than  0-5  grain.  These  results  were 
confirmed  by  precipitation  from  another  portion  of  the  water  by 
muriate  of  barytes,  the  proportions  indicated  being  nearly  the 
same. 

The  liquor  poured  off  from  the  insoluble  residue  being  diluted 
with  distilled  water,  oxalate  of  ammonia  was  added  to  it  as  long  as 
any  turbid  appearance  was  produced ;  and  after  the  subsidence  of  the 
precipitate  the  liquor  was  boiled  a  little,  to  render  the  decomposition 
and  precipitation  complete.  The  clear  liquor  was  then  evaporated 
to  dryness,  and  the  dry  mass  was  exj^osed  to  heat,  to  volatilize  the 
muriate  of  ammonia,  the  product  of  the  action  of  the  oxalate  of 
wnmonia  oii  the  mtuiate  of  lime ;  the  heat  being  continued  as  long 
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»  aojr  vapours  exhaled,  and  at  the  end  being  raised  to  redness.  The 
jiiiiriate  of  soda  thus  obtained  weighed  13 '4  grains.  By  solution 
and  crystallization  it  was  obtained  in  cubes. 

The  precipitate  of  oxalate  of  lime  having  been  thoroughly  washed^ 
vas  exposed  in  a  sand-bath  to  a  heat  short  of  redness,  until  it  had 
ceased  to  exhale  any  vapours,  and  appeared  perfectly  dry;  it 
iveighed  23*8  grains.  The  portion  of  muriate  of  lime  equivalent  to 
any  quantity  of  oxalate  of  lime  cannot,  as  has  been  already  re* 
Aarked,  be  exactly  assigned,  from  the  difficulty  of  bringing  the 
'oxalate  to  one  uniform  state  of  dryness.  But,  according  to  the  most 
accurate  analyses,  23*8  grains  of  dry  oxalate  are  equivalent  to  20 
gridns  of  dry  muriate.  To  avoid  any  error,  however,  the  oxalate 
was  converted  into  carbonate  of  lime  by  calcination ;  and  this,  de- 
composed by  muriatic  acid,  afforded  19*5  grains  of  dry  muriate  of 
lime. 

The  proportions,  then,  of  the  saline  ingredients  in  an  English 
pint  of  the  Pitcaitbly  water  are,  according  to  this  analysis. 

Grains. 

Muriate  of  soda 1 3*4 

Muriate  of  lime 19*5 

•Sulphate  of  lime •  • 0*9 

Carbonate  of  lime  0*5 

34*3 
To  which  are  to  be  added  of  aerial  ingredients. 

Cubic  Inch. 

Atmospheric  air 0*5 

Carbonic  acid  gas 1 

It  also  gives  slight  indications  of  the  presence  of  iron ;  but  as  bx 
as  can  be  judged  from  the  shade  of  colour  produced  by  tincture  of 
galls,  the  quantity  is  much  smaller  than  in  the  Dunblane  water.  It 
does  not  admit,  therefore,  of  being  determined  with  much  accuracy 
by  actual  experiment. 

.  After  I  had  completed  the  preceding  analysis,  a  view  occurred  to 
me  with  regard  to  the  composition  of  these  waters,  difierent  from 
that  which  has  been  stated  above;  and  which,  if  just,  may  lead  to 
conclusions  of  some  interest  with  regard  to  the  constitution  of  mine- 
ral waters  of  the  saline  class.    This  I  have  lastly  to  illustrate. 

{To.  be  contimud,) 
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Article  III. 

Styme  Olservatians  on  the  Analysis  of  Organic  Substances^ 

By  Dr.  Prout. 

Bbrzelius  has  lately  extended  the  doctrine  of  definite  propor- 
tions to  the  principles  of  organic  nature,  and  has  very  satisfactorily 
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ithown  that  it  holds  equally  good  with  respect  to  thom,  with  some 
slight  modiHcutions  only,  as  with  inorganic  compounds,*  Hisad- 
mitithle  paper  on  this  subject  has  thrown  a  new  light  oa  the  consti- 
tbtion  of  natural  objects,  and  at  the  same  lime  opened  a  field  of  in- 
vestigation no  lc3S  difficult  than  interesting.  My  object  at  present  is 
chiefly  to  point  out  the  important  assistance  which  may  be  dciived 
in  similar  researches  from  the  use  of  the  invaluable  scale  of  chemical 
equivalents  contrived  by  Dr.  Wollaston  ;  a  fact  well  known  to  its 
distinguished  author,  and  many  others  ;  but  which,  perhaps,  is  sot 
so  generally  so  as  it  ought  to  be.  On  the  supposition  that  this  instru- 
ment be  correct,  ornearly  so,  which  no  one  can  doubt,  and  that 
WgMHc  substances  he  really  formed  on  the  principles  of  definite 
proportions,  we  are  enabled  by  its  means  to  a])proxiinate  in  most 
inetstices,  with  almost  absolute  certainty,  to  the  number  of  Rtoms 
of  each  element  entering  into  the  composition  of  a  ternary  or  qua- 
ternary compound.  The  data  requisite  for  this  purpose  are,  I,  The 
knowledge  of  the  proportions  of  at  least  two  of  the  elements  enter- 
ing into  an  organic  compound ;  and,  2.  The  knowledge  of  the 
weight  of  its  atom,  or  some  multiple  of  it.  Of  these  two,  the  first 
is  by  far  the  most  important ;  the  second  is  not  absolutely  necessary. 

To  render  this  scale  adapted  for  our  purpose,  it  is  only  necessary 
(n  extend  it  a  little,  which  may  be  conveniently  done  by  pasting  two 
slips  of  drawing  paper  on  its  edges,  which  must  be  of  sucli  a  breadth 
as  just  to  lap  over  and  cover  the  margins  containing  the  names  of 
the  chemical  substances,  and  to  coincide  with  the  graduated  edges 
of  the  slide.  On  these  slips  of  papwr  are  then  to  be  marked  the 
multiples  of  an  atom  of  oxygen,  hydrogen,  and  carbon,  from  one 
to  ten ;  and  of  azote,  from  one  to  four  or  five,  or  more.  Thus 
prepared,  it  will  be  fit  for  our  use ;  and  to  those  who  are  unac- 
quainted with  the  principles  of  the  instrument,  the  following  ex- 
amples will  show  the  mode  of  applying  it :  to  others  these  examples 
will  be  probably  unnecessary. 

Example  1. — Suppose  we  had  found  the  weight  of  a  particle  ofa 
ternary  compound  to  he  46-5,  oxygen  being  10,  and  that  46-5  parts 
of  it  contained  15-35  carbon,  1-34  hydrogen,  and  consequently 
aO'OI  oxygen.  To  find  the  number  of  atoms  of  each  of  these 
elements,  we  have  only  to  place  10  on  the  slide  opposite  oxygen, 
and  then  opposite  each  of  the  numbers  respectively  we  have  the 
number  of  atoms  of  each  element  required.  Thus  opposite  15-15 
carbon,  we  have  2  carbon;  opposite  I'34  hydrogen,  I  hydrogen; 
and  opposite  3001  osygen,  3  oxygen.  Such  a  compound,  then, 
will  consist  of  tluee  atoms  oxygen,  two  atoms  carbon,  and  one  atom 
hydrogen. 

Again  :  supposing  we  were  ignorant  of  the  weight  of  an  atom  oE 
this  ternary  compound,  hut  had  found  that  100  parts  of  it  coniMined 
32*4  carbon,  2  8  hydrogen,  and  consequently  64-ti  oxygen  ;  to  find 
the  number  of  atoms  of  each  eletnent  in  this  case  we  have  only  to 

•   See  ./ninbof  P/n7o»oji/(j,  vol.  iv.  p.  S9S,  el  sequrnt,  -^Sm 
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move  the  slide  till  the  numbers  representing  the  quantities  of  each 
dement  coincide  with  some  multiple  of  these  elements  marked  on 
the  scale;  and  these  muhiples,  or  some  submultiple  of  them,  will 
represent  the  number  of  atoms  required.  Thus  we  find  when  32*4 
carbon  stands  opposite  two  or  four  atoms  of  carbon,  2*8  liydrogcn 
will  coincide  with  one  or  two  <itoms  of  hydrogen^  and  64*8  oxygen 
with  three  or  six  atoms  of  oxygen.  Of  course  we  adopt  the  lesser 
mimbers,  which  are  the  same  as  those  obtained  before. 

Example  2. — Suppose  we  had  found  the  weight  of  an  atom  of  a 
quaternary  principle  to  be  97*82^  and  that  1^7-82  parts  of  it  con- 
tained 37*65  carbon,  17*52  azote,  and  consequently  42*65  oxygen 
and  hydrogen:  to  find  the  num'ber  of  atoms  of  each,  we  place,  as 
before,  10  on  the  slide  opposite  oxygen:  then  opposite  37*65  will 
be  found  5  carbon;  opposite  17*52,  1  azote;  opposite  40,  4 
oxygen  ;  and  opposite  2*65,  2  hydrogen ;  *  the  number  of  atoms 
required. 

Or  supposing  that  we  had  not  been  able  to  ascertain  the  weight  of 
a  particle  of  the  compound  in  question,  but  had  found  that  100 
parts  of  it  contained  38*5  carbon,  17*9  azote,  and  consequently 
43*6  oxygen  and  hydrogen :  to  find  the  number  of  atoms  of  each, 
we  proceed  just  as  before,  and  still  find  that  38*5  carbon  will  stand 
opposite  five  or  ten  atoms  of  carbon,  when  17*9  azote  coincide  with 
one  or  two  atoms  of  azote ;  \  and  that  40*9  oxygen  will  be  opposite 
four  or  eight  oxygen  ;  and  2*7  hydrogen,  opposite  two  or  four  hy- 
drogen ;  which  agree  with  the  former  results. 

These  examples  are  doubtless  more  than  sufficient  to  sliow  how 
this  admirable  instrument  may  be  made  to  facilitate  and  verify 
analyses,  on  the  practical  part  of  which  some  observations  now  re- 
Hiain  to  be  made. 

1.  The  depriving  organic  substances  of  water  without  decom- 
posing them  has  always  constituted  a  great  source  of  difficulty  in 
the  prosecutbn  of  this  department  of  chemistry.  The  method 
adopted  by  Berzelius,  and  which  is  founded  on  the  happy^applica- 
tion  of  a  well-known  principle  by  Mr.  Leslie,  is  certainly  one  of  the 
best  that  has  been  pro{)osed.  This  consists  in  exposing  the  substance. 


«•  These  two  numbers  make  np  42*65,  the  quantity  of  oxygen  and  hydro^n 
present.  As  no  solid  substance,  probably,  wiU  be  found  to  contain  more  than  six 
•r  even  four  atoms  of  hydrogen,  it  wiU  perhaps  be  sufficient  in  practice  to  divide 
V  often  as  possible  the  quantity  of  oxygen  and  hydrogen  by  the  weight  of  a  par- 
ticle of  oxygen,  and  to  consider  the  quotient  as  representing  the  number  of  par« 
tides  of  oxygen,  and  the  remainder  as  hydrogen.    Thus  in  the  present  instance 

42*' 65 

-— —  =  4,  with  a  remainder  of  2'65  for  hydrogen,  and  10  x  4^=  40,  the  quan^ 

tity  of  oxygen.  To  prevent  ambiguity,  however,  it  will  be  better  to  have  re- 
course to  experiment,  which  without  any  great  nicety  will  enable  one  to  decide 
between  one  and  eight  atoms  of  hydrogen,  as  in  the  above  instance  between  2*65 
hydrogen  and  12*65  hydrogen. 

-f  It  is  extremely  probable  that  azote  never  enters  into  a  compound  more  than 
in  one,  or  certainly  not  more  than  in  two,  prop«rl  i  knowledge  of  \h\% 

will  facilitate  the  process^  as  the  quantity  of  asiH  ly  bo  at  once  placed 

opposite  one  azote* 
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to  be  dried  to  a  temperature  of  21 2  in  a  vacuum  with  sulphuric  acid- 
For  effcPiing  this  mnre  easily,  I  had  the  following  apparatus  made, 
Wiich  answers  the  purpose  very  tfleetually,  and  at  the  same  time 
Will  he  found  simple  and  convenient. —  A  (Plate  XXXIX.  fig.  1,) 
is  the  flat  circular  pktc  of  an  air-pump,  on  which  \s  placed  C, 
I  saucer  containing  sulphuric  acid,  B  a  low  receiver  communicating 
Villi  the  inner  vessel  G  by  means  of  the  pipe  F.  H  is  a  brass  cap, 
capable  of  being  made  air-iiglit  by  means  of  a  screw  and  leather 
collar,  having  a  square  nut  L  adapted  to  a  key  by  which  it  may  be 
unscrewed,  &c.  when  necessary.  'I'he  outer  vessel  K  contains  water, 
which  is  kept  at  the  boiling  temperature  by  means  of  the  lamp  E, 
which  slides  upon  the  tube  F,  and  can  thus  be  raised  or  depressed 
tt  pleasure.  The  subslunccs  to  be  dried  arc  put  into  little  glass 
vessels  1  of  the  shape  of  buckets,  and  are  placed  in  tlie  vessel  G, 
tad  removed  from  it  through  the  aperture  H  by  means  of  a  hooked 
wire.  D  is  a  stop-cock,  which,  when  the  cap  H  is  removed,  may 
he  turned,  and  thus  the  air  prevented  from  entering  the  receiver  B, 
knd  the  trouble  consequently  saved  of  being  perpetually  obliged  to 
exhaust  the  whole  apparatus. 

■Iq  using  this  apparatus  it  is  proper  to  introduce  as  little  superfluous 
irater  as  possible;  or  if  this  cannot  be  avoided,  care  must  be  taken 
aot  to  exhaust  all  at  once,  but  by  slow  degrees,  otherwise  ebulliiioa 
will  take  place,  and  the  substances  befiMced  out  of  the  gla^s  buckets. 
<  2.  Fur  finding  the  weight  of  combinaiion,  or  of  an  atom  of  an 
organic  compound,  no  general  rule  can  be  given,  as  the  procesi 
nusi  vary  with  the  nature  of  the  substance.  A  careful  study  of  the 
ingenious  modes  pursued  by  Bcrzelius  will  scarcely  fail  to  suggest 
Qttiers.  It  may  sometimes  be  more  conveniently  done  after  an  in- 
sight has  been  obtained  of  the  constitution  of  the  substance  under 
examination.  But  upon  the  whole,  it  will  perhaps  be  found  one  of 
the  most  difficult  steps  to  etlect,  and  sometimes  even  impossible. 

3.  It  is  a  difticult  task,  and  requires  great  care  and  nicety,  to 
srrife  at  an  accurate  knowledge  of  the  quantities  of  the  elements 
enter  ng  into  an  ni^anic  compound.  The  best  mode  at  present 
ibnown  is  undoubtedly  combustion  with  osymuriate  of  potash  in  sn 
jjnparatus  somi'what  similar  to  Berzelius's.  ^  1  have  tried  this,  and 
wpuad  it  succeed  completely.  The  only  abjection  to  it  is  its  being 
latfatr  too  complicated ;  and  in  general,  perhaps,  it  will  be  found 
better  to  rest  satisfied  with  the  knowledge  of  the  quantity  of  one 
element,  and  to  make  separate  c^tpeilments  for  each  of  those  whose 
quantity  we  may  wish  to  ascertain.  In  a  ternary  compound,  carbon 
and  hydrogen  are  the  elements  whose  quantities  arc  most  easily 
Jbund.  Perhaps,  however,  the  real  quantity  of  hydrogen  will  be 
always  somewhat  larger  than  indicated,  because  the  gases  extricated 
'^ring  combustion  must  necessarily  be  in  the  driest  possible  state^ 

•  Ihavt  Inri!  also  (he  inpcnio  114  mode  adopted  by  Mr,  I'orreU  in  his  Hnalj-sii  of 
ftMniC  acid  ;  nnmrlj,  of  adding  tnulliplei  of  oxyKCi).  Thii,  hdvcvci,  (hiHigb  it 
tfccteiicii  in  itiat  instant'c,  doci  not  spcdi  i;ii[>ab1c  of  uuiveruU  apjilicatioiu  „ 


1815.]  On  the  Analysis  of  Organic  Substances.^  .  273 

and  in  thii  state  they  will  dissolve,  and  retain  water  with  great  ob- 
fltinacy.  The  mode,  therefore,  adopted  by  Berzelius  was  probably 
inadequate  to  separate  the  whole  of  the  water  formed ;  and  this  may 
account  for  the  small  quantity  obtained  by  him  on  burning  oxalic 
acid*  The  remark,  however,  if  founded  in  truth,  applies  equally 
to  all  the  substances  analysed  by  him.  In  a  quaternary  compound, 
carbon  and  azote  are  perhaps  the  elements  whose  quantities  we  can 
most  easily  arrive  at  a  just  knowledge  of. 


Article  IV* 


Description  of  an  Instrument  to  measure  and  register  the  Rise  and 
Fall  of  the  Tide  throughout  the  whole  Flow  and  Ebb.  By  Col. 
Beautoy. 

Trb  parts  of  this  instrument  which  are  devoted  to  measuring  the 
lieight  of  the  water  consists  of  a  copper  tube  placed  in  the  water  of 
the  sea  or  river  in  a  vertical  position,  and  provided  with  a  float  nearly 
filling  its  bore,  at  the  same  time  that  it  is  freely  at  liberty  to  rise  and 
filli  upon  the  surface  of  the  water,  which  is  admitted  into  the  lower 
end  of  the  tube  by  a  small  opening,  or  by  a  pipe,  and  will  therefore 
preserve  the  same  level  as  the  external  water  of  the  sea  or  river,  and 
prevent  the  float  being  affected  by  the  undulations  of  the  water. 

A  small  line  is  attached  to  the  floaty  and  carried  up  to  a  wheel  or 
foller,  round  which  it  makes  several  turns;  and  the  line  of  a  balance 
weight,  being  wrapped  upon  the  axis  of  the  wheel  on  the  opposite 
«ide  of  the  centre,  will  cause  the  wheel  to  turn  one  vtray  or  Other  as 
the  float  rises  or  falls  upon  the  surface  of  the  water  in  the  tube. 
This  motion  is  communicated  by  wheel-work  to  a  second  wheel  or 
cylinder,  upon  the  surface  Of  which  a  sheet  of  paper  is  fastened. 

The  registering  part  of  the  instrument  is  an  eight-day  pendulum 
clock,  which  at  every  ten  mmutes  lets  fall  a  small  hammer  to  make 
a  mark  on  the  sheet  of  paper  wrapped  upon  the  cylinder  3  in  conse- 
quence, this  sheet  will  be  covered  with  a  succession  of  marks,  and 
the  intervals  between  them  will  show  on  a  reduced  scale  the  quantity 
of  rise  or  fall  of  the  water  during  the  interval,  ten  minutes,  which  has 
elapsed  between  the  different  marks  made  by  the  clock. 

The  general  action  of  the  machine  being  understood,  the  detail  of  its 
construction  will  be  explained  by  the  drawing,  in  which  PI.  XXXIX. 
fig.  2,  represents  the  whole  machine  mounted  upon  a  tripod  A  A  sup- 
ported upon  three  feet  screws  a  a,  by  means  of  which  it  can  be  so 
adjusted  that  the  clock  will  beat  correctly,  or  in  other  words,  that  the 
escape  of  the  teeth  of  the  swing-wheel  will  take  place  at  equal  dis- 
tances from  the  perpendicular  on  the  opposite  sides  ;  the  tripod  sup- 
ports a  mahogany  table  B,  which  is  represented  on  a  larger  scale  in 
figures  S  and  4,  the  first  being  a  side  view;  and  the  other  a  fronf 
Upon  this  table  are  erected  standards  C  D  £  for  the  su^j^got^'i 
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jwheeli  01  cylinders:  the  most  elevated  of  iheje,  marked  F,  is  thai 
jtipoi)  whidi  ilie  line  li  k  wound  to  su^^pi'iid  tlie  float  G  to  liic  tu^ 
;H  :  upon  the  extreme  end  of  the  axis  of  ilie  wUecl  F  i^  .0  sfo^ 
(tylioder  R  to  receive  the  cord  d  of  the  lial.ince  welglil  I,  wtikjli^ 
iluch  as  su  far  to  baltmce  the  weigbt  of  the  float  as  to  keep  the  IJi^e 
;i  ulwayc  extended  ;  on  the  opposite  end  of  the  axis  o^  ths,  U{}[4Qr 
.wheel  is  6xed  a  long  pinion  k  of  ;iO  teeth ;  this  gives  motion  tp  ta^ 
.cylinder  K,  u)xm  wTiich  the  sheet  of  paper  is  wrapped,  by  meqi^s  qf 
awheel  of  360  teeth.  An  the  wheel  and  pinion  are  in  the  propor- 
^•tion  of  twelve  to  one,  it  follows  that  any  motion  which  is  given  by 
^t))e  flwLt  line  li  will  be  communicated  to  the  cylinder  K  upon  the 
Jicalc  of  an  inch  to  a  foot ;  that  is,  a  rise  or  fall  of  one  foot  in  the 
ifloat  will  prothice  a  motion  of  an  incL  in  the  pa|>er  with  which  thja. 
'jcylinder  is  covered,  or  one  inch  of  tlie  paper  will  puss  by  tl^c 
■pencil,  which  is  to  mark  by  the  hammer  of  the  clock  L. 

This  clock  is  mounted  upon  tour  pillars  e  iVom  the  table  ;/  is  the 
'.weight  of  the  clock,  and  g  a.  small  counter- balance,  which,  being 
gulled  down,  will  draw  up  the  great  wejt^lit  to  wind  it  up,  iuid  will 
4J>eii  serv£  for  eight  days;  the  hoiir-liaii(i,  which  is  sew  tH'  the 
■jiront,  is  carried  iniuiediately  -by  the  arhcH'  of  the  barrel  of  the  clock, 
;iKid  ahowa  24  houis  J  ihc  circle  aiwe  tliJs,  divided  into  10,  shows 
^he  minutes,  as  it  makes  its  revuluiiou  in  10  minuteiij  and  tbe 
.Upper  circle  is  for  tlte  seconds. 

1,  The  disposition  of  the  train  of  wheel-woik,  for  the  clock 
'iBot  being  at  all  esscDiial,  is  not  therefoie  shpwn  in  iJie  drawing; 
>Jbut  any  clock-maker  to  whom  the  construction  is  committed  will 
ubc  able  to  make  a  proper  clock  from  the  iiumbei  of  the  wheel% 
-  wliich  are  as  follows. 

i  The  great  wheel  on  the  barrel,  which  carries  the  houi'-hand,  VG 
-teeth,  revolves  in  24  hours. 

The  centre  whtel,  pinion,  eiglit  leaves,  and  the  centre  wheel  84; 
ithcse  will  revolve  in  two  hours. 

;  The  third  wheel,  pinion,  seven  leaves,  and  the  third  wheel  70 
Meelh ;  they  complete  tlieir  revolution  in  ten  minutes ;  aud  the  arbor 
.carries  the  ininute-haod, 

-.  Ljistly,  the  pinion  of  the  swing-wheel  having  seven  leaves,  jt 
•will  revolve  in  one  minute,  carrying  the  second-liand  and  swing- 
wheel,  which  having  .^0  teeth,  and  acting  with  two  anchor  pallets, 
-.'tliey  will  suffer  the  wheel  to  advance  J-  a  tooth  at  every  vibration  of 
ithe  pendulum  N,  which  is  performed  in  a  second.  . 
7  The  uain  must  be  made  rather  stronger  than  usual  to  enable  it  to 
iCarry  a  greater  weight  J",  in  order  that  the  regularity  of  the  [uotioo 
may  not  be  deraiigcd  by  the  resistance  of  lifting  ihe  hammer  O 
■jwUich  makes  tlic  marks  upon  the  cy Under  K.  This  hammer  is iixed 
:.-npon  an  arbor  extended  between  the  clock  plates,  aqd  \\as  two  arms 
snt  levers  proceeding  from  if,  one  to  reiich  tiie  third  wiiee!*  asdtjK 
9ptiier  to  liie  centre  wheel.  The  former  wlieel,  which  revolves  once 
j:iiMcn  minute:,  has  one  pin  fixed  in  its  circumference,  and^e  Jbll^r 
'<k»i  Jjiins.     Usvi  as  it  turns  in  two  hours,  it  is  plain  ihal  dim 


that  ooaifll^H 
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9f  fy^  ^  ^b^  wheels  lyiU  pw  by  their  respective  arnasxir  levels 
of  ue  h^ipipef  iq  thps^vne  pK^pod^'yiz.  10  minutes:  they  therefore 
Piwnee  a  comin9p  efieet  of  lifting  the  hammer  and  letting  it  falY^i 
eimj  IQ  n^iqute^.  The  reason  for  employing  two  motions  for  (hit 
j^tnpfit  fSy  that,  if  it  was  entrusted  to  the  third  wheel  to  raise  it 
ffltpoitifipm,  it  ipight  retard  the  motion  of  the  clocks  because  th^t^ 
JVbeei  b^s  so  slight  a  power;  and.  on  the  other  hand,  the  12  pins  ia 
'ifae  ceptre  wheel  would  not  be  equally  certain  to  drop  the  hamni.ejr 
exactly  at  tlie  10  minutesj  (because  as  it  moves  slowly  any  small  in- 
Mdality  in  ib^  arrangement  of  the  pins  would  make  a  considerable 
tJiQi^repcje  in  the  time  when  the  liammer  was  let  fall.  Tlie  pins  oJF 
"ithe  Qebtre  wheel  arp  therefore  made  to  act  first,  and  the  wheel  h^ 
-fufficient  power  to  lift  the  hammer  without  injury  to  the  motion  of 
ifae  clock  ;  but  just  before  this  pin  would  let  the  hammer  fall,  th^ 
pin  in  the  third  wheel  takes  its  lever  and  raises  it  up  a  very  little 
pi^eTj  or  rather  holds  it  up  at  the  same  elevation,  till  the  pin  of 
.^he  centre  wheel  has  passed,  and  then  at  the  expiration  of  the  10 
liiioutes  it  lets  the  hammer  fall. 

-  The  mark  is  made  on  the  paper  of  the  cylinder  by  a  small  piec^ 
qF  ]U^]c  lead  pencil,  wliich  is  fastened  in  a  tube  at  the  end  of  the 
);fioamer  by  a  clamp  screw :  p  is  a  small  sliding  weight  upon  th^ 
arm  ^f  the  haipmer,  which  can  be  fised  at  any  distance  from  th^ 
peqtre  by  a  clamp  screw,  and  will  thus  naake  the  pencil  strike  with 
pore  or  le^s  fprce,  as  is  found  by  experience  to  be  necessary  to  mak,e 
•a  clear  and  de^^ed  mark  :  one  of  the  le'^ers  or  arms  of  the  arbor  pjl 
the  hammer  must  he  mf  de  to  fall  upop  a  spring  to  stop  the  descent 
x>f  the  hammer.  7  ^^^^  ^>l'  y^^l^  suflBclipntly  to  allow  the  pencil  tq 
j^ark  when  falling  with  the  blow,  but  will  afterwards  keep  up  the 
poipt  so  that  it  will  not  streak  the  paper.  In  this  manner  the  pencil 
will  make  a  row  of  dots  round  the  cylinder  as  the  tide  rises,  apd  th4 
sar^e  as  it  falls :  but  to  prevent  the  two  rows  falling  upon  the  sam^ 
tin^,  J^y  which  they  would  confuse  each  other,  a  traversing  motipn 
isrgivep  to  the  cyUiuljsr  at  the  same  time  that  it  turns  round :  this  is 
^^ected  by  a  worm  r  fiiLcd  upon  the  axis  of  the  wheel,  and  a  coc^ 
r  projecting  from  the  standard  D  to  carry  a  fixed  pin  which  actp 
^inst  the  worm.  By  this  means  the  row  of  dots^  when  tlie  tidf 
tises,  is  ni{^rked  diagonally ;  but  when  the  tide  falls,  the  cock'  r 
quit3  the  spiral,  ana  the  row  of  dots  are  marked  circularly.  Th^ 
a^is  of  the  yvheel  is  made  with  long  pivot's^  which  slide  endways,  tq 
allow  the  side  motion  ;  but  the  friction  )s  sufficient  to  keep  one  sid^ 
of  tlu:  spiral  worm  in  contact  with  the  pin  which  agts  agaTnst  it 
whilst  the  whe.el  turns  in  one  direction,  and  quits  it  when  it  tum| 
in  the  contrary  direction. 

As  the  paper  must  be  changed  about  every  13  hours,  the  baring 
at  the  top  ot  the  standard  C  is  made  to  open  on  a  joint,  that  the 
wheel  may  be  taken  out ;  the  sheet  of  paper  is  only  confined  by  a 
hoop  or  wire  slipped  over  it ;  it  is  then^fore  easily  cljf  jnged ;  aind  the 


oiily  care  is  to  make  the  end  of  the  slip  of  Plpc^^«|||MapQDd  with, 
a  line  drawn  upon  the  cylinder  to  represent  the  Mtj}f$om  wuichi 
the  measurement  is  tnken,  or  point  o{  coa\mi;ii9i^KMCiX     '\>c^\g^ 
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*H  containing  the  floitt,  aliliougti  represented  in  tlie  figure,  must  of 
fourse  tie  pUced  beneath  the  floor  upon  which  tiie  tripod  Is  placed  : 
'it  should  be  as  long  us  liie  greatest  rise  and  fall  which  is  expected. 
The  present  machine  is  adapted  for  27  feel  of  rise  j  ihe  circam- 
fejreuce  of  the  cylinder  K  being  r&ther  more  ihsn  27  inches,  and  its 
diameter  B^  :  the  wheel  F  is  the  same  diameter,  and  the  line  b 
niuit  niake  12  turns  upon  it  fur  the  whole  U7  feet.  For  situations 
where  a  greater  tall  is  desired,  the  diameters  of  the  nlieets  must  bt- 
proportionably  increased. 

The  only  adjustment  this  instrtimecit  requires  is,  thai  the  clock 
1)^  put  in  beat  by  levelhDg  ibe  feet,  apd  regulated  to  keep  good 
time,  tlie  line  !>  must  be  lengthened  or  shortened  until  the  float 
liangs  level  with  the  assumed  fixed  point  from  which  the  heights  are 
to.  be  measured, 

If  the  clock  wants  altering,  It  must  be  stepped  when  the  mhinte- 
hand  points  at  10',  and  the  seeoud-hand  at  CU";  and  then  llie  hour- 
liand  must  be  set  at  the  requisite  division;  for  if  the  alteraiion  be 
inade  at  qny  other  period,  tlie  pencil  will  not  mark  when  the  mi- 
nute-hand arrives  at  10'. 

The  instrument  is  made  to  take  to  pieces  for  convenience  of  car- 
riage. The  table  B  can  be  removed  from  the  top  of  the  tripod  by 
ttvQ  milled  head  screws;  the  pendulum  detached  from  the  cjock^ 
and  fixed  close  to  one  of  the  leg?  of  the  tripod;  and  the  weights 
and  float  to  the  base;  in  which  state  the  whole  can  be  put  into  a 
moderate  sized  packing  case,  I  am  very  much  Indebted  to  Mr. 
Cary,  mathematical  instrument- maker,  in  the  Strand,  for  the 
trouble  and  pains  he  took  in  executing  this  instrument. 

It  is  generally  admitted  that  theory  alone  affords  no  practical  con- 
clusions concerning  the  flowing  and  ebbing  of  the  tides :  recourse 
must  therefore  be  had  to  numerous  and  accurate  observations  for 
praeticfll  rules  to  find  the  limes  of  high  and  low  water,  lliis  ma- 
chine will  register  every  ten  minutes,  with  IKile  trouble  to  the  ob- 
server, the  variation  which  takes  place  from  high  water  to  low  water, 
and  vice  versii.^h?  this  instrument  marks  the  ascent  and  deseeni  of 
the  iVater  ettry^^minutes,  sufEcient  datum  will  be  given  for  flod- 
'  ing  tlie  nature  of  the  curve  described  hy  the  tide :  and  if  a  register 
ol  the  strength  of  the  wind,  and  the  point  of  the  compass  it  blew 
'from,  was  also  kept,  it  might  determine  whether  the  wind  most 
affected  llie  velociiy  or  the  attitude  of  the  tide.  If  instruments  of 
Jliis  description  were  used  in  different  parts  of  the  world,  and  tables 
of  the  flux  and  reflux  of  the  tide  preserved  for  a  period  of  1  ^  years, 
"the  length  of  time  in  which  most  of  the  lunar  Irregularities  of  mo- 
tion take  place,  little  doubt  can  be  entertained  but  that  as  accurate 
tide  tables  might  be  made  for  the  rest  of  the  world  as  have  been  aA- 
tulated  for  Liverpool  by'Mr,  Noldcns,  and  for  the  Thames  by  Capt. 
'Huddart. 

Expense,  generallv  speaking,  is  an  oHjeclIon  against  purchasing 
'an  instrument.  The  one  here  described,  bdng  simple.  Is  propor- 
tlooahly  cbeap:  and  ibc  cost  might  still  be  reduced  by  making  the 
'^iM^auii  the  oihtr  wheels  o£  wood.     As ievi  ^et^na  .s^i^wM^ei 
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^itb  instruments  for  measuring  the  force  and  Telocity  df^  the  wind/ 
tlie  following  remarks,  the  result  of  many  observatiohs^,  may  serve 
at  a  gtiide  to  judge  of  the  rate  at  which  the  wind  is  blowing.  ; 

When  the  wind  blows  at  the  rate  of  12  geographical  miles  per* 
houi",  or  20*29  feet  in  a  second,  the  power  of  the  wind  on  a  plal1(i 
one  foot  square  at  right  angles  to  the  current  is  equal  to  13*567  ^* 
avoirdupois  ;  and  the  generality  of  vessels  upon  a  wind  blowing  at 
this  rate  can  barely  carry  top*gallant  sails. 

When  the  wind  blows  24  geographical  miles  per  hour,  the  force  is 
9^541  lbs.  avoirdupois,  and  vessels  are  under  close  reefed  topsails. 

When  the  wind  increases  to  31*16  geographical  miles  in  an  hour, 
vessels  are  under  their  courses,  and  the  power  of  the  wind  is  equal 
to  6  lbs. 

When  the  force  of  the  wind  is  8  lbs.  on  a  square  foot,  its  velocity 
is  S5-931  geographical  miles  in  an  hour,  and  may  be  denominated  ' 
half  a  storm. 

'*  When  the  strength  of  the  wind  is  12  lbs.  on  a  square  foot,  its  - 
velocity  is  43*918  geographical  miles  in  an  hour,  and  may  be  called 
a  full  storm. 

Whilst  on  this  subject,  I  have  subjoined  some  experiments  on  the  - 
lesislance  of  air  ana  water,  which  prove  how  very  erroneous  the 
theory  of  resistance  is,  and  the  small  advantage  it  has  been  to  prac*  - 
I  oii^n. 

Experimented  Resistance  of  Air  to  different  shaped  Bodies*        ] 


Feet. 

Plane* 

Cylinder 

C#ne. 

Vertex. 

Wedge. 

Vertex; 

1 

0H)32 

0028 

0-029 

0020 

0-022 

0-032 

0-023 

■    2 

0129 

0-116 

0120 

0086 

0-090 

0129 

0*089 

3 

0'2M 

0-268 

0-274 

0198 

0-203 

0-291 

0-19T 

4 

0-525 

0-485 

0-492 

0-358 

0-364 

0-518 

0*346 

.  5 

0-825 

0-768 

0-7T5 

0-567 

0-671 

0-810 

0*537 

6 

M91 

1118 

1-122 

0-826 

0-826 

1-168 

0-769 

-  7 

1*627 

l'S37 

1  535 

1-135 

M27 

1*490 

1-041 

'     8 

2131 

2-024 

2-013 

1-494 

1*476 

2-070 

1-354 

9 

2-704 

2-580 

12-664 

1-905 

1-873 

2*634 

1-707 

TO 

3  345 

3-206 

3167 

2-268 

2-317 

3*253 

2*100 

11 

4055 

3-»02 

3-843 

3017 

2809 

3-939 

2-533 

M 

4*834 

4-668 

4-586 

3-610 

3-348 

4-690 

3*005 

i3 

5-683 

6-505 

5-395 

4-066 

3-936 

5-606 

3'51B 

:  14 

6-601 

6-413 

6-271 

4-737 

4-572 

6-380 

4-069 

15 

7-588 

7-393 

7-231 

5-462 

5-255 

7-337 

4-661 

.   16 

8-644 

8-445 

8*295 

6-239 

5-988 

8-361 

i»-292 

n 

9-771 

9-670 

9-302 

7-068 

6-767 

9-430 

6*961 

18 

10-966 

10-767 

10-447 

7-952 

7-595 

10-576 

6-670 

Id 

12-232 

12-038 

11-660 

8'800 

8-472 

11*787 

7-419 

so 

13-507 

13-378 

12-940 

9-882 

9-397 

13-064 

8*207 

p- 

2-0201 

2-061 1 

1 

£0309 

8^0619 

2-0057 

1-9  676 

1 

2 

3 

4 

5       1 

6 

7 

8 

The  area  of  the|  plane  and  base  of  each  of  the  bodies  is  exactly 
one.  superficial  foot;  and  the  altitude  of  xVie  c^Vxwd^vc^  covNfo^  ^^^ 
w4s^  ^^^  fohaff  the  diameter  of  their  Tes\iecdvft\«fl«&%  ^«se>8^- 
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quently  whtn  the  cone  and  wedge  moved  with  the  apex  forenxM 
the  air  impinged  at  an  angle  of  45^, 

Column  I  contains  the  velocity  with  which  the  m  strack  th6 
different  bodies. 

Column  2)  the  resistance  to  the  plane  in  ounces  avoirdupois. 

Column  3,  the  resistance  to  the  base  of  the  cylinder. 

Column  4j  the  resistance  to  the  base  of  the  cotie. 

Column  5,  the  resistance  to  the  vertex. 

Column  6,  the  resistance  to  the  plane  reduced  in  the  pr0poi1i6B 
of  radius  to  the  sign  of  the  angle  of  incidence  45^.  "" 

Column  7f  the  resistance  to  the  base  of  the  wedge. 

Column  8,  the  resistance  to  the  vertex:  and  in  the  last  hmhuitM 
line  but  one  is  set  down  the  exponents  of  the  resistance.^ 

By  looking  at  the  experiments^  it  is  evident  that  the  \mes  of  tie 
cylinder,  cone,  and  wedge,  are  less  resisted  than  the  plane ;  and 
that  the  cone  and  wedge,  when  moving  with  their  bases  foredidkJI^r 
are  less  resisted  than  the  cylinder;  therefore  a  mere  incneafeeof. 
length  decreases  the  resistance  to  the  plane,  but  not  so  much  M  Hf 
altering  the  shape  of  the  hinder  extremity.  With  respect  to  int 
resistance  to  the  apex  of  the  cone  and  wedge^  it  is  evident  that  tK« 
resistance  to  the  former  figure  is  not  widely  diBerent  from  the  th^ 
sistance  set  down  in  column  6 :  and  eould  experiments  b^  ttmtB 
free  from  errors,  the  resistance  would  decrease  precisely  as  the  ]bgf, 
sine  of  half  tlie  cone's  angle ;  but  with  the  wedge  it  is  otherwise^ 
the  resistance  4^creasing  in  a  greater  proportion. 


Experimented  Resistances  of  Water  to  a  JPlane  containing 
supei;ficial  Foot  immersed  to  the  Mean  Depth  ofS  Feet  below  ihi 
Surjace  of  the  Watei\ 


feet 

Feet. 

Lbs. 

Lb9. 

Lbf. 

1J>s. 

Lbs. 

Exponeiilk 

.1st 

ScL 

3d. 

4th. 

5th. 

6th. 

7th. 

8tb. 

1 

0-ai56 

0-97^0 

1-2940 

1-1329 

01629 

0*1579 

2 

00621 

3-3860 

49863 

4-3585 

0-6278 

0-9725 

1-9289. 

S 

Q*i399 

87450 

10-931 

9-5640 

1-3670 

0-8190 

1-8956 

4 

0-2487 

15-543 

19-048 

16-687 

2-361 

.    1144 

1-1)699 

5 

((•3886 

24-287 

29-279 

25-688 

3-591 

1-401 

1*8469 

a 

0*5596 

34975 

41-585 

36  540 

5-045 

1-565 

1*8260 

7- 

0*7616 

47-603 

55-927 

49  220 

6-7Q7 

1-617 

1-8065 

H 

0  9d  18 

62-175 

72-270 

63-707 

8-5G3 

1-532 

1-78M 
l*768i 

9 

1-2390 

78-690 

90-590 

79-983 

10-607 

1*293 

10 

1-5544 

97*150 

HO  86 

98-040 

12-82 

0-890 

l-t44S 

11 

18806 

117-82 

133  05 

117-86 

15-19 

0-040 

1-72M! 

12 

8-2S&3 

139-90 

157-20 

139-49 

17-71 

0-590 

1-7081 

}S 

2-6270 

164-18 

188-40 

164-73 

18  67 

0-450 

1-685T 

U 

3-0476 

190-42 

211-51 

190  39 

21*12 

0030 

1*^630 

)5  !  3*4974 

218*59 

241-54 
273*48 

217-89 

2365 

0-^00 

1-6380 

16     3-7973 

248-71 

247-23 

26-25 

1-486 

1-619^ 

17     4-49VS 

i  280-77 

307-33 

278-40 

28-93      • 

2-270 

1-5977 

18     50;^63 

1  314-77 

343-05 

311-39 

31-66 

3-380 

l'.^5i 

19     6*6114 

'  350-71 

380-16 

345-73 

34-43 

4-980 

1-5531 

so 

/ 

6-2177 

38^-61 

420-16 

382-9^ 

37-24 

5-6^6  : 

I-5S12 

** 

i 

1-9243 

\      \0414 

\ 

v.-. 

\.      ..•   .  . 
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Colamn  I  contains  the  velocity  of  the  plane  in  feet  per  second. 

Column  2  contains  columns  of  water,  the  base  of  each  of  which 
was  one  square  foot,  and  the  respective  altitodc  equal  to  the  space 
through  which  a  body  must  fall  to  acquire  the  velocity  of  one,  two, 
three,  four,  five,  six,  &c.  feet  per  second. 

Column  3  contains  the  weights  of  the  different  columns  of  water 
in  pounds  avoirdupois. 

Column  4,  the  resistance  to  the  plane  by  experiment. 

Column  5,  the  plus  pressure  found  by  subtracting  the  minus 
presstife  contained  in  column  6'th  from  the  total  resistance  set  down 
m  colunfin  4th. 

Column  6,  the  minus  pressure  found  by  experiment. 

(Column  7»  the  difference  between  the  calculated  resistances  con- 
tained in  column  3d  and  the  plus  pressure  in  column  5th. 

Column  8,  the  exponents  of  the  minus  pressure ;  and  in  the  last 
horizontal  colamn  the  exponents  of  the  total  resistances  and  [Jus 
pTtssure. 

Wind,  it  appears  by  table  1st,  when  moving  with  a  velocity  of 
SO  feet  in  a  second,  exerts  a  force'  on  a  square  foot  placed  at  right 
angles  to  its  direction  equal  to  13*567  ounces;  and  water,  by  table 
idf  when  running  one  foot  per  second,  acts  on  the  same  surface, 
sttoilarly  placed,  a  power  equal  to  1*2949  lbs.  or  20*718  oz.  To' 
find  the  velocity  water  must  nave  to  produce  equal  effect  with  wind, 
^  7h  :  V  m  ::  R  I  r.  V  being  equal  to  one  foot  or  12  inches,  r  to 
13  -567  oz.,  11  to  20*7 1 8  oz.,  and  the  exponent  m  to  1  •J>243,  whence 

r  is  9*6301  inches,  the  required  velocity.     Then  ■  ^^    -  is  equal  to 

24*922,  the  celerity  of  the  wind  to  produce  the  sameefiect  as  water; 

20*718 

^tkd  -qIJiq-  gives  649*48 :   consequently  if  wind  and  water  move 

with  equal  velocity,  wind  has  nearly  650  part  less  power  than  water. 
At  air  is  860  times  lighter  than  water,  and  supposing  the  velocity  of 
water  to  be  1»  and  the  resistance  as  the  square  of  the  velocity  V  ss 
\/  860  =s  29*926,  which  by  no  means  accords  with  the  result  de- 
duced from  experiment,  and  the  efiect  of  air  in  lieu  of  -^^  part  is 
^^^  Experiment  also  proves  that  the  most  advantageous  angle  for 
the  8«il  of  a  windmill  to  be  set  in  motion  in  is  60^,  instead  of  35^ 
16^,  reckoning  from  the  plane  of  its  motion,  or  the  wind  should 
Sttifee  the  sail  at  an  angle  of  30°,  and  not  54°  44^ ;  and  the  nnost 
adntBtageoos  angle  for  the  redder  to  make  with  the  keel,  when  the 
SMwIse  of  the  water  is  given,  I  believe  to  be  S(f.  After  the  im* 
paise  is  given,  and  the  vessel  turns,  the  angle  should  be  altered,  if 
the  mdder  coincides  with  the  curve  described  by  the  stern,  biecanse 
then  it  is  evident  the  mdder  would  be  of  no  use. 

In  the  Examen  Maritime  by  Don  Georges  Juan,  traduit  de 
I'Espagnol,  the  resistance  of  fluids  is  supposed  to  be,  as  their  den- 
sities, as  the  sur£ice  opposed  to  their  action,  and  as  the  square  root 
of  the  depth  to  wfiich  the  opposing  obstacle  is  immersed.  That  the 
first  supposition  if  not  well  founded^  wiW,  I  x\\\\Ai,  «l^^^^x  \tvy«\^'^ 
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experiments  slated  :  and  that  the  tl\ird  supposition  is  not,  is  evident 
from  the  following  experimem.  The  plus  and  minus  resistance  of 
a  paralkdopijiedon  one  loot  square  Jnimersed  to  the  depth  of  very 
nenrly  sis  inches,  and  moving  with  a  velocity  of  1 2  feet  in  a  second, 
is  ld2'b'2ibs.  avoirdupois;  and  in  tabic  2d,  the  resistance  of  a  plana 
containing  one  superficial  loot  immersed  to  the  depth  of  six  feet, 
and  moving  with  a  velocity  of  12  feet,  is  !57'20  lbs.,  which  is  not 
widely  difFerenl ;  and  this  variation  of  458  lbs.  may  partly  be  attri- 
buted to  the  longer  body  being  less  resisted  than  the  plane. 

The  flrst  column  of  the  following  table  contains  the  velocity  io 
feet  per  second;  and  the  second  column  contains  the  frictioti  of 
water  against  1 00  superficial  feet  of  wood  immersed  to  the  depth  of 
six  feet  i  and  great  pains  were  bestowed  iu  rendering  the  surface  of 
the  wood  as  even  and  smooth  as  possible. 

The  third  column  contains  the  iucreafie  of  the  friction  by  sinking 
the  Burfeee  one  foot  lower.  If  the  friction  be  required  for  nearer 
tlic  surface  than  six  feel,  the  numbers  in  this  line  must  be  subtracted 
from  tho^e  in  the  first  line ;  but  if  lower  be  wanted,  the  numbers 
i(i  tins  line  must  be  added.  These  numbers  were  determined  froni 
actual  experiment. 

By  tliis  table  u  Judgment  may  he  formed  what  is  the  friction  of 
the  water  on  the  bottom  of  a  large  ship ;  or,  more  properly  speak- 
ing, what  is  the  minimum  of  the  friction  ;  for  it  Is  almost  imprac- 
Iticable  to  render  the  immersed  part  of  any  vessel  so  even  on  the 
curfuce  as  that  with  which  the  experiment  was  made. 
A  second  rate  man-ul'-war  has  15,000  superficial  feet  immersed 
under  tlie  water,  if  the  draft  of  water  be  24  feet.  Supposing  the 
vessel  snits  at  the  rate  of  -20  feet  per  second,  and  that  the  friction  is 
calculated  at  the  depth  of  1 2  feet,  or  half  the  draft  of  water,  then 
121  86  +  34-eS8  =  146-63,  which,  muhiplied  by  150,  gives 
SIOTJ  lbs.  or  somewhat  more  than  nine  tons ;  but  in  fact  this  addi- 
tional resistance  to  the  division  of  the  fiuid  must  be  far  greater,  as 
a  vessel  when  cop[jercd  is,  comparatively  speaking,  a  very  uneven 
surface ;  and  any  contrivance  to  diminish  the  friction  would  be  very 
desirable,  llolleil  or  milled  copper  sheets  being  smoother  than  those 
hammered,  if  one  of  his  Majesty's  ships  had  one  side  coppered  in 
die  usual  manner,  and  tlie  olhur  side  with  rolled  or  milled  copper; 
pains  being  inken  to  lay  the  sheets  on  as  evenly  as  possible,  and  tha 
htmds  of  the  nails  countersunk ;  if  this  vessel  so  prepared  were  sent 
to  ica  in  company  with  another,  and  under  fiivourahle  f  i re um stances, 
the  two  vessels,  by  setting  more  or  l<^^^the  same  tack,  had  equal 
progressive  velocity  ;  and  the  two  vessels  put  about,  and  run  on  the 
other  tuck  with  the  same  quantity  of  sail ;  the  difference  of  tlie 
sailing  will  slioi?  the  advantn^  of  the  two  modes  of  coppering. 
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,Vnetim  of  the  Water  agmmt  100  Fee/>  at  the  mean  Depth  of 
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Feet. 

Lbs. 

Lbs. 

Fett. 

Lbt. 

Lbs. 

1 

o-STie 

0-0067 

11 

38-630 

0-8451 

S 

1-4898 

00853 

18 

45-684 

1*0538 

3 

S-iS50 

0-0474 

13 

53-898 

1-8751 

4 

54678 

0-0809 

14 

61-468 

1-5569 

5 

8-4884 

0-1S9T 

15 

70-180 

I-87T1 

6 

11 -91)1 

01934 

16 

79-443 

8-8388 

7 

16-154 

0-8767 

17 

89-847 

8-6480 

8 

80-906 

03805 

18 

99-588 

3-0911 

9 

86-898 

0-5074 

19 

110-46 

3-5817 

10 

88158 

0-6618 

80 

181-86 

41113 

'  From  these  experiments,  it  is  evident  that  the  resistance  a  body 
sieets  with  when  moving  in  water  consists  of  three  parts — th^  head 
rissistance,  the  minus  pressure,  and  friction. 

The  shape  of  the  solid  of  the  least  resistance  is  still  to  be  ascer* 
tiined,  which  experiments  alone  can  determine ;  though  perhaps  no 
chape  will  answer  in  every  velocity. 

I  remain,  my  dear  Sir, 

Yours  very  sincerely, 

Mark  Beaxjtoy. 


Article  V. 

New  and  important  Combinations  with  the  Camera  Lucidam 

By  W.  G.  Horner,  Esq. 

(To  Dr.  Thomson.) 

SIR*  Bath^  Jug.  15,  laiS. 

.  Thb  numerous  inventions  of  Dr.  Wollaston  in  various  depart- 
ments of  philosophy  are  marked  by  that  precision  and  completeness 
nrhich  constitute  the  true  idea  of  elegance.  They  seldom  leave  to 
succeeding  experimenters  any  hope  of  adding  an  improvement,  and 
are  only  capable  of  being  enhanced  in  estimation  bv  multiplying  the 
useful  purposes  to  which  they  may  be  applied.  These  remarks  are 
eminently  appropriate  to  the  Camera  Lucida.  As  a  corrective  of 
the  erroneous  decisions  of  the  eye,  or  a  succidaneum  to  the  labour: 
of  educating  that  organ,  the  utility  of  this  beautiful  little  machine 
is  well  known.  These  advantages,  ofiered  by  the  instrument  in  its 
simple  form,  have  been  proved  by  the  geologist,  as  well  as  by  artists 
in  miniature,  landscape,  and  architecture ;  but  I  am  ignorant  if  any 
philosopher  has  been  struck  with  the  still  more  extensive  uses  to 
which  it  may  be  adapted  in  combinatiou  Vi\\}x  \Vv^  mYOXorak^o^^^  ^^sA 
telescope^ 
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Many  otrcumstances  occur  to  Teconimcnd  tliese  adaptatioos,  witb- 
out  Incltldii]^  ihe  superior  gratifimtioQ  uf  being  nliie  to  ropy  with 
certain  correctness  liie  forms  of  minute  or  inaccessible  and  distant 
objects,  wiien  compared  with  tliut  of  retailing  aijpearances,  which 
are  open  to  every  Ueholder.  The  great  difficulty  which  even  aa 
experienced  artist  finds,  in  representing  with  tolerable  accuracy  a 
teleicopic  or  microscopic  image  viewed  in  the  usual  constrained  and 
interrupted  manner,  will  render  this  improvement  highly  desirable. 
The  aslionomer,  and  even  llie  military  officer  engaged  in  recon- 
noitring, would  derive  imjHH'tant  assistance  from  the  use  of  the 
graphic  teletcipe. 

The  patent  for  the  Camera  Lncida  remains,  I  believe,  with  the 
illuiRirious  inventor ;  and  liis  sagacity,  which  has  perhaps  anticipated 
the  hints  conveyed  in  lhi=  paper,  will  iiiiniedialely  discover  the  best 
methods  of  applyirjt  liiem  to  experiment.  ThoEc  methods  which  1 
take  the  liberty  of  noticing  are  simple,  and  such  as  1  have  partivlly 
submitted  to  trial. 

The  obvious  principles  which  rifqui^e  atfintion  in  both  the  adapta- 
tions recommended  are.  to  immertre  the  object-fjce  of  the  pnsm 
into  [he  cone  of  distinct  rays  which  issue  from  the  eye-glass  ot  the 
,  other  instrument,  funher  than  i*  permifted  by  the  usual  eye-piece; 
and  to  allow  a  close  approach  tf  the  eye  to  the  upper  surface  of  ihe 
prism.  These  precautious  cvidenlly  tend  to  secure  a  sufficient  extent 
to  tlie  tield  of  view 

The  graphic  inicfoscope  would  pCrhapB  be  constructed  in  the  hest 
manner  by  attacliinj  a  single  microscope  to  llie  object-face  of  the 
prism.  The  appendages  of  pliers,  &c.  might  be  made  apjilicahle 
to  the  shaft  or  style  of  the  camera.  The  vertical  structure,  and 
other  properlies  of  '.he  compound  microscope,  present  obstacles 
whii'h  it  would  not  be  easy  to  surmount.  And  the  solution  of  these 
difficulties  is  the  less  necL^ssary  on  account  of  the  facility  alTurded 
by  the  construction  of  tiie  caratra  lucida  itself,  for  enlarging  or 
contracting  tlie  dimensions  of  the  apparent  image  at  pleasure. 

In  the  telesco'pe  the  perforated  cylindrical  cap,  which  is  screwed 

16ver  the  eye-glsss,  may  be  exchanged  for  a  shorter,  conical,  or 
Cuneiform  cap,  having  a  larger  apei'iure.  This  Cap  might  carry  an 
^rm,  perforated  to  admit  the  axis  of  ih6  jiHsm.  A  still  preferable 
(nethod  is,  to  lake  off  the  perforated  cap,  and  attach  a  Iiollow  tube 
to  the  side  of  the  eye-piece.  In  this  tube,  Which  must  of  course 
fee  shorter  than  that  in  which  the  stem  of  the  camera  slides,  a 
similar  stetn  must  be  inserted  bearing  the  prism:  in  short,  the 
Original  in'tiumtnt,  cut  off  at  one  third  of  its  length,  must  be 
attached  to  the  tube  which  contains  the  eye-glasses  of  the  telescope. 
The  teiesco])e  being  adjusted  to  a  proper  focus,  and  the  stem  of  the 
camera  drawn  out  to  a  due  length,  and  turned,  to  bring  ihe  prisiQ  - 
pjiiKBite.  i!»  axis  of  the  lelescopcj  the  aperture  of  the  cyC-piecfe  of - 
the  ])rism.h«ing!ilso  placed  in  such  a  m&nner  as  to  escludiit  if  re* 
t|u!site«  the  superftoous  rays  ;  the  objects  toward  which  the  inslro-* 
ff/0it  is  directed  will  appear,  on  VooWiYkg  \Iatou^I\  ;lve  ^risRi,  to  be 
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dMributed  dfer  the  paj^^r  Wliieh  is  placed  to  iettivt  thit  Ae  %i^.  I 
#6t  46  tfeo^sssary  to  ^uppbfl  iha  piptt  tB  ndkfly  as  po!»i6te  pdralte 
tSUHt  Ath  of  ttui  te1e^c^)fe• 

If  you  jtidgfe  the^  o^Hratidhii  d^rvih^  of  pbblic  diflfiisiOiif, 
tMt  di^  i^uch  dt  yoiit  iitf  vice ;  and  a  calldiS  hbticfe  of  them  in  yot^ 
JttittmU  Will  oblige, 

Sh,  yonf  lixdst  obedient  iervaiit, 

W.  G.  Horner. 


it  ir    11    i.i" -lii  ."i     Utm 
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Ah  Attempt  lb  systematize  Jinatomy,  Physiology,  and  Pathology^ 

By  Alexander  Walker. 

(To  Dh  Thomson.) 

8IR, 

.  Tb  ffi  value  you  yourself  hav*  attached  to  the  'sn^tematization  of 
drtiuiiitry  convinces  md  that  you  will  not  view  ii'ith  disregard  A 
stmifaur  attempt  in  aimtomy.  To  you  I  heed  not  say  that  the  placing 
on  the  title-page  of  a  work  the  word  **  System,'^  does  not  convert 
thie  ill-arranged  facts  and  reasonings  of  any  science  into  a  real 
a^em.  That  word  expresses  the  arrangement  of  these  facts  ^nd 
reasonings  according  to  their  natural  relations ;  and  in  that  sense 
there  b  certainly  no  system  of  Anatomy.  In  that  science,  the  dis- 
covery of  these  natural  relations  has  long  been  an  object  of  my  in- 
Teiiigation ;  and  the  views  I  have  taken  in  the  present  paper  being 
tb  rbt  more  satisfactory  than  any  which  have  hitherto  suggested 
tfaMoMslfe^  to  me,  I  shali  ht  happy  if  they  prove  not  unsatis&ctery 
to  your  readers. 

Ttit  arrangements  of  the  present  paper  being  intimately  allied 
iMtb)  and  in  a  great  mea(sure  foutided  upon,  the  facts  and  reason- 
Higi  dohtaihed  in  my  Sketch  of  a  General  Theory  of  the  Intelhctual 
Functions  of  Man  and  Animals,  inserted  in  two  of  your  former 
ntrhrbeiis^  the  simplicity^  thb  accuracy^  and  the  extensive  applica'* 
bUity,  of  these  ctrrangeitients,  will  affm'd  the  best  afid  most  striking 
prb^'at  ortte  of  the  truth  and  of  the  originality  of  that  theory. 

It  is  unquestionable  that  a  correct  arrangiement  of  anatomy  and 
fAy&iology,  or  rather  of  the  organs  arrd  functions  which  they  con^ 
sSler,  dught  to  indicate,  at  a  single  glance,  the  relations  of  all  these 
cApins  and  functions  to,  and  tlieir  dependence  upon,  each  other^ 
Yet  is  tbb  pirihciple  unifcnrmly  violated  by  the  best  anatomical  and 
fAr^ioIogical  Writers. 

1   A  single  remark  will  at  once  point  out  the  errors  of  arrangement 
wli!£h  I  defidrecate,  arid  show  the  originality  of  the  plan  which't 
propose.    It  is  evidently  unnatural  to  consider  the  brain  he^^ii 
oijgaps.  of  ssnse  whence  imprcsfiiotis  are  tttitia^^^vt^^N^i^^^^ 


ro^^ 
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of  generation,  before  the  glands  whence  they  derive  the  generative 
liquid  ;  the  glands,  b«fore  the  arteries  whence  is  received  tJie  liquid 
they  tradsmute  ;  the  arteries,  hefoie  the  heart  which  is  the  source 
of  the  bluod  they  circulate  ;  tlie  heart,  before  the  absorbents  wbeace 
the  materials  of  the  blood — the  chyle  and  lymph,  are  derived;  the 
absorbeuts,  before  the  stomach  where  is  digested  the  food  whence 
rtie  chyle  and  lymph  are  elaborated ;  or  the  muscles,  before  the 
U^ments,  by  which  their  motions  are  limited,  and  without  tfhich 
they  cannoi  be  understood.  Yet  arc  more  or  less  of  these  errors 
committed  by  Soemmerring,  Blumenbaeh,  Hildebrandt,  Winslow, 
Sabatier,  Cuvier,  Chaussier,  Boyer,  Dumas  and  all  the  best  aaato- 
Bticnl  and  physiological  writers. 

Nor  is  liiis  all :  not  only  do  they,  with  regard  to  the  organs  and 
functions,  reverse,  often  to  a  great  extent,  the  order  of  their  dc- 
pendance,  hut  they  widely  separate  objects  which  are  in  natun; 
closely  connected,  and  blend  together  others  which,  belonging  erea 
to  distinct  classes,  have  little  natural  relation.  If  the  arrangement 
of  the  author  of  the  Tables  Synoptiquea  de  I'Anatomie,  in  parti- 
cular, were  to  be  considered,  as  all  arrangement  ought  to  be, 
namely,  as  indicating  the  relations  and  dependaoce  of  the  functions, 
Eo  absurb  is  it,  that  absorption,  instead  of  the  cause,  would  be  the 
result,  of  nutrition;  generation,  the  result  of  absorption;  and 
digestion,  the  result  of  generation. 

Thus  Ly  arranging  efteets  in  the  place  of  causes  do  physiologista 
a>nfauad  the  relations  of  the  functions,  and  reverse  the  very  order 
qf  their  dependance,  .  i 


^  The  general  arrangement  of  the  functions  into  external,  relative, 
or  animal,  and  internal,  assimilating,  or  vegetative,  as  anciently 
proposed  by  Arisioile,  and  successively  adopted  by  Butfun,  Grimaud, 
and  Richerand,  is  replete  with  error.  , 

For,  first,  under  the  term  external,  relative,  or  animal  functions, 
are  thus  involved,  not  only  the  intellectual  actions,  consisting  of 
sensation,  thought  and  volition,  but  the  locomotive  actions  by  which 
we  move  from  place  to  place;  yet  these  actions  differ  from  each 
other  in  every  respect,  T/ipy  do  not  resemhle  etch  other  in  their 
mtimate  nature;  for  the  intellectual  take  place  longitudinally,*  and 
are  altogether  invisible  j  while  the  locomotive  are  performed  angu- 
larly by  means  of  levers,  f  and  are  of  the  most  conspicuous  kind. 
Neither  do  tliey  agree  in  being  l-olh  external ;  for  tlie  locomotive  cat) 
aldite  be  considered  so,  while  the  intellectual  are  as  internal  as  the 
afiimat  or  vital,  on  which  these  physiologists  have  improperly  con-, 
ftrred  ihst  epithet.  True  it  is  that  tlie  eye  aiid  the  ear,  which  are 
intellectual  organs,  receive  impressions  from  external  objects ;  but. 
eo  do  the  absorbent  surfaces,  which  are  vital  organs.  If  it  be  tirged'^ 
tliat  the  absorbed  matter  is  carried  inward  to  the  heart,  so  must  it„ 

rj  •  ill  the  (ubfs  of  llw  neurilcma.  t  The  bonw.        ''^^H 
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bt  replied  are  the  seDsations  to  the  brain ;  and  if  it  be  argiied  that 
friup  the  brain  volitions  are  propagated  externally,  so  must  it  be 
figoined  are  secretions  from  the  circulating  system. 
y.Tkut  tke  Jirat  error  of  this  method  is  to  bring  tinder  one  keadp 
migans  and  junctions  which  are  totally  distinct.  The  secoTid  is  to 
separate  others  which  are  altogether  similar.  For  while  Richerand 
pku:es  in  one  class  the  organs  and  functions  mentioned  above,  he 
placeB  those  of  generation  in  another.  Now  from  those  which  I 
wve  above  termed  vital,  these  do  not  differ  either  in  their  intimate 
nature  or  in  their  general  object.  Tlie  vital  organs  are  all  tulnilar, 
and  the  action  of  all  is  the  transmission  and  transmutation  of  liquids: 
the  generative  organs  are  all  al^o  tubular^  and  ail  of  them  also  are 
employed  in  similar  transmission  or  transmutation.  The  general 
pbgect  of  the  vital  actions  is  the  maintenance  of  life;  that  of  the 
^nerative  is  its  propagation  :  in  this  only  do  they  differ.  They  may 
therefore  be  different  orders  of  the  same  class :  they  cannot  form 
diffinent  classes. 

Such,  as  its  inspection  will  testify,  are  the  great  and  general  errors 
of  the  system  of  Richerand.    Less  important  ones  are  numerous. 


:  I.  consider  the  system  of  Bichat  after  that  of  Richerand,  becausci 
thougl^  it  may  have  had  the  precedence  in  publication,  and  the' 
merit  or  demerit  of  that  peculiarity  which  is  common  to  both,  yet, 
bcang  more  detailed  and  minute,  it  involves  a  greater  number  of 
errors,  and  is  moreover  connected  with  a  doctrine  respecting  certain 
^mple  organic  textures,  which  demands  particular  consideration. 

First,  I  may  remark,  that  all  the  great  and  general  errors — the 
ittyolving  in  one  class  the  intellectual  and  locomotive  functions,  and 
the  forming  a  separate  class  of  the  generative  ones,  committed  by 
l^herand, — are  likewise  committed  by  Bichat,  by  whom  the  in- 
ternal or  assimilating  functions  of  Richerand,  &c.  are  termed 
ofjgianic. 

'  While  such  great  and  general  errors  as  these  pervade  the  system 
of  Bichat,  I  need  scarcely  mention  that  he  improperly  places  ab- 
sorption after  circulation ;  nor  need  I  dwell  on  minuter  considera- 
^of». 

As  to  his  simple  organic  textures,  he  has  chiefly  derived  them 
imh  Malacame,  who  seems  first  to  have  set  the  example  of  this 
ridi^lous  method  which,  by  distributing  the  body  into  com moa 
systems,  general  systems,  universal  systems,  and  partial  systems^ 
and' by  dividing  and  subdividing  these  with  a  profusion  which  sets  at 
utter  defiance  the  most  felicitous  memory,  has,  instead  of  simpiifjr-. 
iiHgy  inextricably  embarrassed,  the  study  of  anatomy.  Tbiswriten 
^ehat  has  been  ambitious  to  rival  in  hU  Anatomic  G^n^rale,  where 
the'tiiania  of  subdivision,  guided  by  the  most  supeifficial  reflecjibnj,, 
anfd  ^r^ed  with  the  most  impertinent  verbiage,  has  made  as  maiiy 
systems  jn  the  body  as  there  are  organs. 

Not  evea  couteuted  with  one  system  for  u  ^t  ot  ot^«!»&)\v&  Ttiv)^^% 
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two  oot  of  it;  and  l^as  accordipgty  two^incolar  and  two  neryoofi 
^ystenis !  He  Kap  a  partipul&r  system  for  cartiiages^  ^i^ff^  iiflf 
tendons  and  ligaments^  and  a  third,  wtiicii  holds  a  iniadlfi  sort  iof 
place  bet  wees  these  twp  t  He  has  hot  merely  a  system  for  tbe 
tones  themselveSf  but  a  synovial  system  at  their  extremitiexy  and  a 
piedullary  system  within' them  !  He  ha^  a  pilous  or  ftcrif^  systeni  cb 
the  surface  of  tbe  t)ody^  a  dermal  or  skinny  system,  and  an  epi- 
dermal or  scarp-skin  system!  Curiously  enough  this  last  of'^ls 
orgofiic  systems  is  vm  inorganic  substance,'  destined  to  preserve 
organic  parts  from  the  immediate  contact  of  external  objeipts ;  ft 
possesses  neither  life  nor  sensibility ;  and  be  might  as  well  have 
tanked  among  tlie  number  of  bis  organic  systems  the  layer  of  paint 
svhich  covers  tbe  skin  and  envelopes  all  the  systems  of  the  i^ative 
American. 

Uns«&tisiied,  however^  with  his  imaginary  simple  systems,  Bicfaat 
kas  created  as  many  simple  functions.  His  animal  life  and  organic 
life,  animal  sensibility  and  organic  sensibility,  animal  contractili^^ 
organic -sensHile  contractility,  organic  insensible  contractility,  and  a 
multitude  of  others,  will  satisfy  those  who  believe  in  them  that  th^ 
who  ascribe  nine  lives  to  some  of  the  feline  genus  have  only  fallen 
short,  instead  of  exceeding  tiie  number ;  and  will  to  others  afford 
only  anpther  proof  that  confusion  and  ^rror  never  yet  were  sejpa- 
rated.  .       . 

Respecting  his  plan,  I  haye  only  to  add,  that  his  Anatomic  Gi$- 
morale  presents  the  most  signal  abandonment  of  nature,  and  of  its 
t)est  characteristics— ^ simplicity  and  intelljgibiiity.  It  Kant  haa 
wished  to  do  for  physiology  the  same  sort  pT  service  he  has  done  for 
metaphysics,  he  could  not  have  done  it  mo^  completely  than  M. 
Bichat,  who  has  so  nicely  perplexed  the  science  as  often  to  alarm 
the  young  for  their  own  incapacity,  and  to  satisfy  the  old  pf  its 
author's. 

^  One  of  thjB  most  striking  ill  consequences  of  this  want  of  grange* 
ment  is:  the  difficulty  which  not  only  thic^  student,  but  even  the  ejc- 
perienced  anatomist,  feels,  of  obtdning  for  hiipself,  or  communi* 
eating  to  another,  any  short  and  simple  notion  of  the  animal  oi^ans 
and  fiinctions. 

A  simple  notion  of  a  complex  subjedt  can  be  obtained  or  cpmmu^ 
'Uioated  only  by  means  of  generalization  ;  and  if  this  be  abandoned^ 
it'^annot  be  obtained  or  communicated  at  all.  In  anatomy  and 
Jphysiology  sudrgeneralization  is  not  even  attempted;  tbe  organs  and 
tfudilrtions  are  enumerated  in  an  insulated,  irregular  and  disorderly, 
mann^;'  and  neither  the  person  vA^o  makes  tbe  enumeration,  nbjr 
^e'^h($  hears  it,  is  often  satisfied  that  he  has  enumerated  the  whole. 

If  an  anatomist  be  asked  to  give  a  short  account  of  the  structure 
of  the  4>ody  by  enumerating  its  various  organs,  he  ^ells  you  that  it 
consists  of  bones,  and  muscles,  and  ligaments,  and  arteries,  and 
vejos^find  nerves,  .and  glands,  and  a  brain,  and  organs  ojf  sense,  (ijot 
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perfectly  recoUectio^  wy  m<m^  b^  perba^^  iul(b)^^d  of  lariou^ 
viscem.^  If  yoii  fvbh  to  )c|)qw  i^M  tJbese  v^cern  ar^  be  prpbablv 
lislk  yoa  that  they  are  such  part3  a$  the  be^jt  |iqd  lur^gs,  tbe  stppiacb 
«nd  the  intestines ;  aud  in  inpuqojeratipg  tbesf  intestioeti  wbicji  )bqe 
^&U9hes  with  the  rectum^  lie  nQrb^9  a^^St  ^hat^  ^be  hrvm  also,  ^nd 
ibe  eye,  and  tbe  ear,  are  called  viscera — ^that,  in  shorty  it  i$  a  o^qae 
^9:pre$sing  many  objects  of  thgt  kind,  yvhicb  itb  unneoessary  for 
him  to  enter  into  a  (oinpte  detail  of.  P.erhaps,  after  all,  be  recol- 
lects that  in  enumeiating  tbe  organs,  he  mighf  indeed  havie  ipeor 
fioned  some  mch  parts  as  absorbent^,  and  cartilages,  and  mem^ 
branes,  and  so  fohh— in  fine,  rather  perplexed,  and  slightly 
asluMfned-r-be  scarce  knows  why— -of  the  account  he  has  given,  bfi 
in  general  very  properly  adds,  that  such  enumerations  are  of  no  great 
li9e,  and  that,  in  order  to  ynderstand  any  thing  of  anatomy,  it  is 
necessary  to  enter  into  a  particular  study  of  it. 
:  True  it  is,  that  suph  enumerations  (aud  tl)^  very  bc$t  which  are 
giy^n  in  books  are  qo  better)  cap  be  of  no  use.  put  ijt  is  not  lefs 
inie  that,  in  fewer  words,  as  will  b^  ^cen  in  the  sequel,«a  viery  simple 
fnd  satisfactory  notion  may  be  given  of  tbe  animal  3ystem. 

Tlie  developement  of  tbe  relations  of  the  prgai)3  and  functions  to^ 
and  of  their  dependance  upon,  one  another,  is  the  basis  of  t}ie 
f  ji^em  I  propose. 

In  viewing,  tlien,  tbe  oi^^n3  Jo  a  general  mariner,  a  c)a^  at  OQp^ 
-  ohtnides  itself,  from  its  consisting  oi  an  apparatus  of  levers^  fronri 
it^  performing  motion  from  place  to  place^  or  lopomolumj  and  from 
tbese  motions  being  of  the  most  obvious  hind. — A  little  more  ob^- 
'3ration  presents  to  us  another  class,  ^biph  is  distitigiiished  from  tb^ 
preceding  by  its  copsbtipg  of  qflindrico^  iubesj  by  it^  ti^ansmitjtJQ^ 
and  transmuting  liquids,  or  performing  vascular  action,  apd  by  its 
motions  being  varely  appareni,.^rrF^xiher  investigatjoQ  discoviefRs  a 
third,  which  differs  essentially  from  both  these,  in  its  consisting  pf 
pervfm  particleSf  in  its  transmitting  iimtres^iptis  from  external  9b- 
ject^  or  performing  nervous  action,  and  in  tbat  ucxUfXk  htvag  qlUh 
gather  invisible* 

Thus  each  of  these  classes  is  distinguished  frpm  another  hf  the 
STRUCTURE  of  its  parts,  by  the  purposes  which  it  serves,  .aqd  bgr 
tbe  greater  or  less  odviqu$nf^ss  of  its  motions.  Tbe  firpt  Ci^p^ists 
pf  leuers  \  the  second,  of  cylindrical  itibes ;  and  the  third,  ^f  j9^rvQ)i$ 
pfirticl^.  The  first  performs  motion  from  place  tp  plaoe,  ^  /opo- 
ifiolion ;  the  second,  transmits  and  transmutes  liquids,  qr  p^rfor]D|^ 
vascular  action  ;  and  the  third,  transmits  impressions  from  e^tfrpi^r 
objects,  or  performs  nervous  action.  Th,c  motion  of  th^  first  isie^*? 
ijemfily  obvious ;  that  of  the  second  is  barely  ^ppprent ;  and  tb|it  of 
Iha  third  is  alioget/ter  invisihU' 

JSoi  one  of  th<^m  can  he  confounded  i^'ith  another :  f9r  tliat  whlcb 

*  Xhig  ii  A  t<erm  to  ahsurdl)  applied,  as  to  a^mU  af  &«  «%^^V  ^^^^\V>tt%« 
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performs  locomotion  neither  transmits  liquids  nor  sensations;  that 
which  transmits  liquids  neither  perrurms  motion  from  place  to  place, 
nor  is  ihe  means  of  sensibility ;  and  that  wliich  is  the  means  of 
tensibility  neither  performs  locomotion  nor  transmits  licjuids. 

Now  the  organs  employed  in  locomotion  are  the  loneti,  liga- 
ments and  muscles  I  those  employed  in  transmitting  mquids  are 
the  absorbent,  circulating  and  secreting  vessels ;  and  those  employed 
about  sGNSATioxs  arc  the  organs  of  sense,  cerebrum  and  cerebelltirn, 
*rith  the  nerves  which  connect  them.  The  first  class  of  organs  may 
therefore  be  termed  locomotive  or  {from  their  very  obvious  action] 
mechanical ;  Ihe  second,  vascular,  or  (as  even  vegetables  from  their 
possessing  vessels  have  hfe)  they  may  he  termed  vital ;  and  the  third 
may  be  named  nervous  or  intellectual. 

Mechanical  action,  indeed,  appears  to  be  only  less  minute  thaa 
vital  action ;  and  it  is  probable  that  nen'ous,  as  well  as  chemical, 
action  ure  only  yet  more  evanescent.  All  the  organs  and  functions, 
therefore,  may  perhaps  be  termed  mechanical.  But  whether  this 
be  so  ur  not  is  of  tittle  consequence  in  this  case ;  since,  in  adopting 
these  tenns,  I  mean  tiiem  merely  to  express  the  obvious  and  im- 
portant distinctioiis  which  are  mentioned  above. 

An  arrangement  of  anatomy  and  physiology,  however,  according 
to  a  precise  dejiendance  of  these  systems,  is  not  possible :  for, 
though  tlie  nervous  system,  being  considerably  independent  of  the 
muscular  and  vascular,  might  with  this  view  be  placed  first,  yet  we 
cannot,  consistently  with  maintaining  this  precise  order,  next  men- 
tion the  muscular,  because  all  muscular  action  is  in  a  ceruin  mea- 
sure dependant  on  the  action  of  vessels  ;  nor  can  we  next  mention 
the  vascular,  because  all  vascular  action  is  in  a  certain  measure  de- 
pendant on  the  action  of  muscles.  In  short,  in  animals  all  the 
•ystems  influence  one  another,  just  as  in  vegetables  the  two  which 
tiist  in  them — the  mechanical  and  vital,  are  reciprocally  affected. 
[  The  order,  then,  of  greatest  independence,  is  that  which  places 
tlie  mechanical  organs  first,  because  in  minerals,  Ihe  simplest  beings, 
ttbere  mechanical  structure  alone  exists,  it  is  uninfluenced  by  any 
vital }  tife  vital  organs  next,  because  in  vegetables — the  beings  next 
in  complexity,  they  are  uninfiucuced  by  any  intellectual ;  and  the 
intelleciual  last,  because  they  exist  only  in  animals.  This,  then,  is 
ihe  order  of  their  greatest  independence. 

■  The  advantages  of  this  arrangement  are,  first,  its  enumerating 
the  organs  in  the  order  of  the  obviousness  of  their  functions: 
■econdly,  its  enumerating  them  in  the  order  of  the  three  natural 
■  Classes  of  beings — mineials  having  mechanical  structure;  vegetables, 
tnechanical  and  vital  ;  and  animals,  mechanical,  vital  and  inicUec- 
tiial ;  thirdly,  its  connecting  this  portion  of  science  with  science  in 
l^neral;  fur,  from  the  mechanical  and  vital  oi^ns,  common  to 
mnimals  with  the  inferior  classes,  we  pass  through  the  intellectual 
which  are  proper  to  them,  to  the  consideration  of  intellect  itself, 
and  of  those  signs  of  ideas  which  language  aSbrds.  Thus  we  pass 
Jiaturaliy  from  the  last  of  the  physical  sciences,  considering  th^H 
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ijltrueture  cf  beings  gradually  increi^iDg  In  peq>Iexity^  tHiough  the; 
petitions  of  anatomy  and  physiology,  to  the  first  of  the  literary  and 
4ioral  ones. 

The  disadvantaged  which  would  result  frotn  the  abandonment  of 
this  order  of  the  organs  would  be,  that  we  should  lose  sight  of  this 
liatural  independence,  that  we  should  reverse  the  order  of  the  oh- 
tnousness  of  the  functions,  and  that  their  reference  to  the  three 
xu|tural  classes  of  beings,  and  their  relations  to  science  in  general^ 
n^uld  altogether  disappear— that  the  sciences  of  anatomy  and  phy« 
siology  would  at  once  be  insulated  and  deranged. 


'  The  human  body,  then,  Consists  of  organs  of  three  kinds.  By 
the  first  kind,  motioti  from  place  to  place,  or  mechanical  action,  is 
^fiected ;  by  the  second,  nutrition,  or  vital  action,  is  maintained ; 
atid  by  the  third,  thought,  or  intellectual  action,  is  permitted. 
Anatomy  1  therefore  divide  into  three  parts ;  namely,  tnat  whii  h 
Considers  the  mecl^nical  or  locomotive  organs^  that  which  considers 
the  vital  organs,  and  that  which  considers  the  intellectual  organs. 

Under  the  mechanicstl  or  locomotive  organs,  I  class,  first,  the 
bones,  which  support  the  rest  of  the  animal  structure;  second,  the 
ligaments,  which  unite  them ;  and  thirds  the  muscles,  which  move 
them. 

tJnder  the  vital  organs,  I  class,  first,  the  external  and  internal  ab« 
torbent  surfaces,  and  the  vessels  which  absorb  from  these  surfaces, 
or  the  organs  of  absorption ;  second,  the  heart,  lungs,  and  blood- 
ressels^  which  derive  their  contents  (the  blood)  from  the  absorbed 
lymph,  or  the  organs  of  circulation ;  and  third,  the  glands  and 
secreting  surfaces,  which  separate  various  matters  fi-om  the  blood,  or 
the  organs  of  secretion. 

Under  the  intellectual  organs,  I  class,  first,  the  organs  of  sense, 
where  impressions  take  place ;  second,  the  cerebrum,  or  organ  of 
thought,  where  these  excite  ideas ;  and  third,  the  cerebellum,  where 
volition  results  from  the  last. 

To  some  it  may  appear  that  the  organs  and  functions  of  digestion, 
respiration  and  generation,  are  not  involved  by  this  arrangement ; 
bat  such  a  notion  can  originate  only  in  superficial  observation^ 
Digestion  is  a  compound  function  easily  reducible  to  some  of  the 
simple  ones  which  I  have  enumerated.  It  consists  of  the  motion  of 
tfiie  stomach  and  contiguous  part?,  of  the  secretion  of  a  liquid  from 
its  internal  surface,  and  of  that  heat  which  is  the  common  result  of  , 
all  action,  whether  locomotive,  vital,  or  intellectual,  and  which  is 
better  explained  by  such  motion  than  by  chemical  theories.  Simi-  , 
laiiy  compound  are  respiration  and  generation. 

Thus  there  is  no  organ  nor  function  which  is  not  involved  by  the  ' 
ninple  and  natural  arrangement  I  have  sketched.  '* 

Compound,  however,  as  the  organs  of  digestion,  respiration  sn^ 'J 
generation,  are,  yet  as  they  form  so  important  a  pM  of  ibk  system^. 

Vol.  Yl.H^tv.  T  T 
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it  may  be  asied,  "  with  which  of  these  classes  they  are  most  allied?' 
The  answer  is  obvious.  All  of  them  consist  of  tubuhir  vessel*  of 
various  diameter;  and  all  of  them  transmit  and  transmute  liquids. 
Possessing  sui^h  strong  characteristics  of  the  vitul  system,  they  are 
evidently  most  allied  to  it. 

In  short,  digestion  prepares  the  vital  matter,  which  is  takea  up 
ty  absorptioQ — ihe  first  of  the  simple  vital  functions;  respiralioa 
renovates  it  in  the  very  middle  of  its  course — between  the  two  p«- 
tioQS  ci  the  simple  fuociion  of  circulation ;  and  generaiian,  de« 
pendant  on  secretion — the  last  of  these  functions,  commumcaie^ 
this  vital  matter,  or  propagates  vitality  to  a  new  series  of  beings.  In 
such  arrangement  the  digestive  organs  therefore  precede,  and  the 
generative  follow,  the  simple  vital  organs;  while  the  respiratory 
occupy  a  middle  place  between  the  veinous  and  the  arterial  circuki 
tion.  Nothing,  however,  can  be  more  improper,  as  the  preceding 
observations  show,  than  consideiing  any  one  of  these  as  a  distinct 

The  preceding  is  a  natural  arrangement  of  the  anatomy  of  man 
and  the  higher  animals ;  and  its  peculiar  simplicity  U  illustrated  by 
its  involving,  in  application,  that  of  mineraltj  and  vegetables,  and 
by  its  being  capable  of  instant  adaptation  to  physiological  science. 


In  order  to  arrange  animal  PKVSiotoeT,  it  ia  only  necessary  to 
substitute  the  term  "  functions  "  for  "  organs ; "  and  that  science 
will  likewise  involve,  in  application,  the  physiology  of  mineral  and 
Tegetable  bodies,  and  be  in  its  turn  capable  of  instant  adaptation  to 
medical  science. 

Thus  the  functions  also  are  divided  into  mechanical,  vital,  and 
intellectual. 

The  mechanical  functions  are  subdivided  Into  that  of  support, 
that  of  connexion,  and  that  of  locomotion. 

The  vital  functions  are  divided  Into  that  of  absorption,  that  of  c'lT^ 
culalion,  and  that  of  secretion. 

The  intellectual  funetions  are  divided  into  that  of  sensation,  that 
of  mental  operation,  and  tliat  of  volition, 

A  circle  of  functions,  1  may  observe,  thus  exist  in  animals,  which 
esist  not  in  minerals  or  vegetables,  because  volition,  the  last  of  the 
intellectual  functions,  connects  itself  to  the  mechanical  ones  by  ren- 
dering them  subservient  to  it  in  locomotion.  Thus  the  first  and  tha 
last  of  these  functions  are  as  intimately  connected  as  any  of  the  in- 
termediate ones,  and  a  beautiful  circle  of  organic  function  and 
organic  infiuence  is  formed. 

Thus,  then,  there  are  three  orders  both  of  organs  and  functions— 
the  locomotive,  the  vital,  and  the  intellectual ;  and  of  each  of  these 
orders  ttiere  are  also  three  genera,  namely,  of  die  first  or  locomo-i 
tive,  those  organs  and  functions  which  support,  connect,  and  move;, 
of  the  second,  or  vital,  tboec  which  absorb,  circulate^  and  sei:reie> 
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and  of  the  last,  or  intellectual,  those  which  feel,  think,  and  will ; 
and  by  the  latter  of  these  the  former  is  in  locomotion  affifcted. 


In  order  to  arrange  Pathologt,  for  the  term  "  healthy  fimc- 
tions,"  the  subject  of  physiology,  it  is  only  necessary  to  substitute 
thcrterm  ^'  diseased  ftinctions.'* 

The  classes  of  disease  are,  therefore,  like  those  of  anatomy  and 
physiology,  three ;  namely,  diseases  of  the  mechanical  or  locomotive 
functions,  diseases  of  the  vital  functions,  and  diseases  of  intellectual 
functions. 

The  orders  of  the  first  class,  as  affecting  the  functions  of  the 
bones,  the  ligaments,  and  the  muscles,  are  three,  viz.  diseases  of 
support,  diseases  of  connexion,  and  diseases  of  locomotion. 

Those  of  the  second  class,  as  affecting  the  functions  of  the  al>- 
florbent,  the  circulating,  and  the  secreting,  vessels,  are  likewise  three, 
viz.  diseases  of  absorption,  diseases  of  circulation,  and  diseases  of 
accretion. 

Those  of  the  third  class,  as  affecting  the  functions  of  the  organs 
of  sense,  of  the  brain,  and  of  the  nerves,  are  also  three,  viz^  diseases 
of  impression,  diseases  of  judgment,  and  diseases  of  volition. 

The  genera  under  each  order  consist  of  diminished^  depraved^ 
and  increased,  functions. 

Precisely  in  the  same  way  would  I  class  the  articles  of  the  Ma- 
TERiA  Medica  ;  first,  as  operating  upon  the  mechanical,  vital,  or 
intellectual,  organs ;  and  then  as  either  increasing^  rendering  re- 
gular, or  diminishing  their  action. 

It  is  not  unusual  to  consider  the  body  as  being  divided  into  the 
bead,  the  trunk,  and  the  extremities ;  but  in  consequence  of  the 
hitherto  universal  neglect  of  the  natural  arrangement  of  the  organs 
and  functions  into  mechanical,  vital,  and  intellectual,  the  beauty 
and,  interest  which  may  be  attached  to  this  division  has  equally 
escaped  the  notice  of  anatomists. 

It  is  a  curious  iact,  and  strongly  confirmative  of  the  preceding 
arrangements,  that  one  of  these  parts^— the  extremities,  consist 
almost  entirely  of  mechanical  organs,  namely,  of  bones,  ligaments, 
and  muscles ;  that  another — the  trunk,  consists  of  all  the  greater 
vital  organs,  namely,  absorbents,  blood-vessels,  and  glands ;'  and  that 
the  third — the  head,  contaids  all  the  intellectual  organs,  namely,  the 
organs  of  sense,  cerebrum,  and  cerebellum.  In  perfect  consistency 
with  my  assertion,  "  that  though  the  organs  pf  digestion,  respira- 
'  tion,  and  generation,  were  really  compound,  still  they  were  chiefly 
vital,  and  properly  belonged  to  that  class,''  it  is  not  less  remarkable 
that  in  this  division  of  the  body  they  are  found  to  occupy  that  nRrt — 
the  trunk,  in  which  the  chief  simplis  vital^  organs  art 
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This  also  shows  the  impropriety  of  reckoning  any  of  these  a  separate 
systi-iu  Trom  the  vital. 

li  is  a  fact  Dot  less  curious,  nor  less  confirmiitive  of  the  preceding 
atrangL-inents,  that  of  tiiese  parts  those  which  consist  chiefly  of 
mcchaiiicBl  urgaos — organs  which,  in  the  sense  already  explained, 
are  cominon  lo  us  with  the  lowest  class  of  beings,  namely,  minerals,* 
are  placed  in  the  lowest  situation,  namely,  the  e^ttremities ;  that 
ivlii<-h  consists  chiefly  of  viial  organs — organs  common  to  us  with  a 
higher  class  of  beings,  namely,  vegetables,  f  is  placed  in  a  higher 
situation,  namely,  the  trunk ;  and  that  which  consists  chiefly  of 
intellectual  organs — organs  peculiar  to  the  highest  class  of  beings, 
nnmely,  animals^  is  placed  in  the  AJ^Ae^f  situation,  namely,  the 
head ...  .It  is  not  less  remarkable,  that  this  analogy  is  supported 
even  in  its  oiinutest  details :  for,  to  choose  the  vital  organs  contained 
in  the  trunk  as  an  illustration,  it  is  a  fact  tiiat  those  of  absorptiou 
and  st'cretion,  which  are  most  common  to  us  with  plants — a  lower 
class  of  beings,  hav^  a  lower  situaiion  —  in  ihe  cavity  of  the  abdo- 
men ;  while  those  of  circulation,  which  are  very  imperfect  in  plants,  § 
and  more  peculiar  to  animals — a  higher  class  of  beings,  hold  a 
higher  situation — in  the  cavity  of  the  thorax. 

It  is  moreover  worthy  of  remark,  and  still  illustrative  of  the  pre- 
ceding arrangements,  that  in  each  of  these  three  situations  the 
bones  differ  both  in  position  and  in  form.  In  the  extremities  they 
are  situated  internally  to  the  soft  parts,  and  are  generally  of  cylin- 
drical form ;  in  the  trunk  they  begin  to  assume  a  more  external 
situation,  and  a  flatter  form,  because  they  protect  vital  and  more 
important  parts,  which  they  do  not,  however,  altogether  cover;  and 
in  the  head  they  obtain  the  most  external  situation  and  the  flattest 
form,  especially  in  its  highest  part,  because  they  piotect  intellectual 
and  most  important  organs,  which  in  some  pans  they  completely 
invest. 

The  loss  of  such  general  views  is  the  consequence  of  arbitrary 
^nethods.  They  did  not  present  themselves  to  me  till  1  had  traced 
this  outline  of  the  natural  system.      ,  i 

Alexander  Walker. 

•  Tbe  bonsB,  mnreorer,  tnnlain  the  grealcsi  quanlilj  of  mineral  matter. 
■i    \i  in  Ihe  pnurasiioD  of  vessels  wh'cJi  constiluln  Ihe  vitalll;  of  ^egelatiles. 
J  III  animal,-  alone  is  nervous  mailer  discoverahTe, 

i,  Planli  have  nti  real  circHtntlon,  cor  passive  of  itieir  nndiliTC  liquid  tbrough 
the  same  point. 
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Aeticle  VIL 

Jhtrommcal  and  Magnetical  Ohservations   ai  Hackney  WlcL 

By  Col. 'Beaiifoy. 

LatUude,  5P  32"  40-3"  North.     Loni^tade  West  in  Ttme  O^lV^* 
ie^t.  12^  iinmergioo  of  a  small  star  iii  Sagittariiy  8^  59^  04"  Mean  Time  At  H.  W« 
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Article  VIIL 

Analyses  of  Books. 

The  Literary  and  Scientific  Pursuits  which  are  encouraged  and 
enforced  in  the  University  of  Cambridge  briefly  described  and  vindi^ 
cated:  with  various  Notes.  By  the  Rev.  Latham  Wainevvright, 
A.M.  F.  A.  S.  of  Eniraanuel  College,  in  that  University,  and 
Bector  of  Great  Brickhill^  Bucks.     London.     Hatchard.  1815. 

The  outcry  which  has  been  raised  against  the  English  universi- 
ties, and  the  very  general  opinion  entertained  for  some  time  past 
that  they  are  rather  theatres  of  dissipation  than^  of  learning  and 
science,  have  been  attended  with  several  good  etFects.  They  have 
produced,  it  is  said,  a  reform  in  Oxford,  where  the  defects,  if  we 
believe  Gibbon,  and  some  others  who  have  written  on  the  subject, 
were  great,  and  almost  intolerable  :  and  this  reformation,  if  our  in- 
formation respecting  that  University  be  correct,  might  be  carried 
atill  further,  with  considerable  advantage  to  the  jroung  men  who 
frequent  it.  They  have  occasioned  likewise  the  present  publication, 
^which  makes  us  acquainted  with  the  mode  of  education  followed  at 
Cambridge,  the  sister  University,  long  celebrated  for  the  attention 
ff^bicb  iifae  pays  to  mathematics  and  the  mechanical  sciences. 
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Though  this  little  work  was  intended  by  its  author  as  a  full  account 
of  the  mode  of  education  followed  at  Cambridge,  and  though  wq 
'  Lave  no  doubt  that  it  is  written  with  as  much  candour  as  is  <!oh- 
'  distent  with  the  character  of  a  professed  eulogist,  we  regret  that 
several  circumstances  are  omitted  which  would  have  been  requisite 
to  convey  to  us,  who  are  quite  unacquainted  with  the  forms  of  Eng-- 
lish  Universities,  an  adequate  idea  of  the  value  of  the  informatioa 
.  which  is  communicated  to  the  young  men  by  the  tutors.     In  the 
Universities  of  Scotland,  and  we  believe  in  all  those  on  the  conti- 
nent of  Europe,  every  science  taught  is  confined  to  a  particular  in- 
dividual, who  is  called  the  Professor  of  that  science,  and  whose 
'business  it  is  to  collect  a  correct  outline  of  the  whole  department  of 
knowledge  committed  to  his  charge,  and  to  lay  the  best  arranged 
and  most  luminous  view  of  it,  which  he  can,  before  his  pupils.  But 
in  the  English  Universities  the  case  is  very  different.    In  every 
college  a  certain  person  is  appointed  under  the  name  of  tutor,  nnder 
whose  care  the  students  at  that  college  are  placed,  and  to  whom  they 
are  indebted  for  all  the  academical  information  which  they  recei\'e« 
Now  in  order  to  form  a  judgment  of  the  way  in  which  these  tutors 
jure  likely  to  discharge  their  duty  (on  which  every  thing  depends),  it 
would  be  requisite  to  know  whether  one  tutor  teaches  all  the 
sciences,  or  whether  a  particular  tutcnr  be  appointed  for  each  parti- 
cular science ;  whether  the  tutor  receives  any  fees  from  his  pupils, 
and  whether  his  emoluments  depend  chiefly  at  least  upon  the 
number  of  students  that  enter  his  particular  college.     Now  upoa 
these  very  material  points  no  information  whatever  is  communicated 
by  Mr.  Wainewright. 

If  every  college  is  restricted  to  only  one  tutor,  the  probability,  or 
almost  the  certainty,  is,  that  he  will  have  a  stronger  bias  to  one  de- 
partn^ent  of  knowledge  than  to  the  others.  The  three  great  depart- 
ments which  constitute  the  range  of  a  Cambridge  education  are^ 
1.  Latin  and  Greek,  including  Belles  Lettres.  2.  Mathematics^ 
and  the  Mathematical  Sciences.  3.  Metaphysics,  Morals,  and 
Theology.  Now  it  is  very  unlikely  that  a  thorough  Greek  and  Latin 
scholar,  or  a  professed  poet  or  critic,  should  at  the  same  time  be  a 
good  mathematician  and  a  profound  metaphysician.  Who  ever 
heard  of  a  poetic  mathematician  ?  Unless  Halley  and  Boscovich 
are  to  be  considered  as  examples.  Now  to  whatever  science  the 
tutor  has  particularly  attached  himself,  there  is  every  reason  to 
Suppose  that  to  it  he  will  naturally  turn  the  chief  attention  of  his 
pupils,  and  that  the  information  which  he  has  to  communicate  on 
the  other  branches  of  knowledge  will  be  comparatively  of  little 
Talue.  Hence  the  probability  is,  that  whatever  branch  of  know- 
ledge has  become  fashionable  in  the  University,  to  that  branch  the 
attention  of  the  students  will  be  generally  directed.  I  conceive  this 
to  be  the  reason  why  Greek  and  Latin  constitute  the  chief  objects 
of  study  at  Oxford,  and  mathematics  at  Cambridge.  I  once  met 
Itith  an  0:iford  student  in  a  stage-coach^  a  very  young  man^  vrho 
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told  me  that  for  his  part  he  would  rather  enjoy  the  reputation  of 
Porsoi)  than  that  of  Newton. 

If  there  be  a  tutor  appointed  for  every  particular  science  at  Cam- 
bridse,  the  objection  wbich  1  have  stated  will  be  obviated  ;  butuo- 
luckily  Mr,  Wainewright  has  given  us  no  information  whatever  od 
the  subject. 

If  the  emoluments  of  the  tutor  depend  upon  the  number  of  ttu- 
dents  attending  his  particular  college,  and  if  that  number  be.  deter« 
.mined  by  the  reputation  of  the  tutor,  then  it  is  obvious  that  a  strong 
motive  is  held  out  to  him  to  discharge  his  duty  as  faithfully  as  pos- 
sible ;  because  the  higher  his  reputation^  the  greater  will  his  income 
become.  The  salaries  of  the  medical  professors  at  Edinbui^gh  (ex- 
cluding two  or  three  late  appointments  by  the  Crown)  amount  to 
■SOL  a  year  divided  among  five  individuals,  or  4/.  per  annum  eaeh. 
Heuce  their  whole  emoluments  depend  upon  their  students.  If  they 
neglect  their  duty,  they  will  be  sure  to  lose  their  class,  and' then  the 
Professor's  chair  will  not  be  worth  filling.  But  if  the  income  of  the 
Cambridge  tutors  does  not  depend  upon  their  pupils,  if  they  receive 
the  same  sum  whether  they  do  their  duty  or  not,  whether  the 
number  of  their  pupils  be  great  or  small,  then  in  that  case  the 
powerful  feeling  of  self-interest  wil]  be  wanting  to  stimulate  their 
exertion,  apd  the  chapce  pf  in^pltnce  and  carelessness  will  be 
greatly  fnhapced.  The  indolence  pf  the  established  clergy  has 
long  been  proyerbial;^  whi|e  the  activity  of  the  ^issentjng  clergy  has 
lalway^  bc^^n  conspicuous,  because  their  §ucce^  in  life  ({epends  upon 
the  opinion  entertained  of  them  by  their  hearers. 

It  would  have  been  very  desirable  if  Mr.  Wainewright  had  pen- 
veyed  information  to  us  upon  these  two  most  material  points,  hie- 
cause  upon  them  the  value  of  Cambridge  as  a  place  of  education 
must  chiefly  depend. 

Another  piece  of  information  scarcely  less  important  is  also  want- 
ing. We  should  have  been  told  how  great  a  portion  of  each  year  it 
is  necessary  for  the  student  who  means  to  reap  the  proper  advantages 
of  the  institution  to  reside  at  Cambridge.  I  have  known  some 
persons  keep  their  terms,  as  it  is  called,  and  yet  reside  but  a  very 
short  part  of  the  year  at  an  English  University.  If  this  be  a  common 
practice,  or  if  it  may  be  followed  by  every  person  ad  libUumf  it  ia 
obvious  that  the  University  is  converted  in  a  great  measure  into  a 
mere  political  establishment. 

But  perhaps  the  most  important  information  of  all  is  the  sum  of 
money  per  annum  whicli  a  student  at  Cambridge  requires  to  put  him 
pn  a  footing  wit!^  his  associates.  I  have  been  told  by  a  young  Gentle- 
man, a  friend  of  mine,  a  student  at  Cambridge,  that  300/.  a-year 
was  the  least  that  he  could  ever  spend.  Suppose  this  to  be  consider- 
ably above  the  minimum,  it  may  serve  to  give  us  some  idea  at  least 
of  the  style  of  life  which  the  generality  of  the  students  lead.  Now 
%  moment's  reflection  must  convince  any  person  that  if  a  young  roan 
ifs^es  part  of  the  year  at  Ctimbridge,  and  spends  during  that  time, 
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300/.^  his  mind  must  be  taken  up  about  something  else  than  studj 
otherwise  the  fees  exacted  must  be  shamefully  and  improperly  high 
I  consider  the  cheapness  of  education  as  the  most  important  advan- 
tage which  any  nation  can  possess.  No  people  can  ever  make  a 
figure  in  science  or  literature  if  the  terms  of  education  are  so  high 
that  it  is  necessarily  confined  to  the  higher  ranks  of  society ;  bepause 
proficiency  in  science  is  the  result  of  long  and  laborious  exertion, 
which  few  will  be  capable  of  making  who  already  feel  themselves 
sufficiently  distinguished  by  their  rank  or  their  wealth.  If  we  take 
a  view  of  the  literary  characters  who  have  given  lustre  to  Great  ^ 
Britain,  how  small  a  number  shall  we  find  who  had  either  rank  or 
wealth  to  boast  of?  Have  they  not  in  general  risen  from  the  lower 
ranks  of  society  ?  Nature  endowed  them  with  talents^  accident  gave 
them  the  requisite  education ;  and  that  noble  emulation,  that  desire 
of  distinction  so  strongly  attached  to  genius  and  talents',  urged  them 
on  to  exert  the  requishe  industry,  and  emerge  from  the  obscurity  ia 
which  cliance  had  placed  them. 

During  each  of  the  years  17^8,  1789,  and  17^0,  I  resided  six 
months  at  the  University  of  St.  Andrews  :  my  expenses  during  each 
year  (including  every  thing)  did  not  exceed  14/.  The  next  ten 
years  I  spent  at  the  University  of  Edinburgh.  Here  my  expenses 
were  greater,  because  I  resided  in  that  city  during  the  whole  year, 
and  because  1  had  to  pay  for  lodgings,  which  was  not  the  case  at  St. 
Andrews.  But  even  in  Edinburgh  the  annual  expenditure  did  not 
exceed  50Z.  It  will  be,  higher  at  present  in  both  places ;  because 
the  prices  of  every  thing  have  risen  greatly  since  the  period  to  which 
I  allude.  But  even  at  present  I  should  consider  30/.  or  40/.  a  suffix 
cient  allowance  for  St.  Andrews,  and  100/.  for  Eldinburgh. 

Perhaps  indeed  it  is  of  more  importance  that  the  grammar  school 
education  should  be  cheap  and  accessible  to  all ;  because  here  the 
boy  of  genius  becomes  first  aware  of  his  talents,  and  feels  the  charms 
that  attend  the  acquisition  of  knowledge.  These  charms  are  so 
powerful,  and  the  new  views  which  education  opens  so  efficacious, 
that  when  a  boy  has  once  felt  their  influence  he  will  make  wonderful 
exertions  to  enable  him  to  advance  in  the  same  career.  1  know  a 
Gentleman  who  at  present  makes  a  very  respectable  figure  in  the 
literary  world,  and  enjoys  a  very  handsome  income.  He  was  the 
aou  of  a  hind  in  the  south  of  Scotland.  During  summer  he  hired 
himself  out  to  the  farmers,  and  during  winter  put  himself  to  school 
with  the  money  which  he  had  thus  earned.  By  degrees  he  got  the 
situation  of  a  parish  schoolmaster ;  and  continuing  his  assiduity,  and 
fising  by  slow  progression,  he  now  occupies  one  of  the  most  lucra- 
tive literary  situations  which  Scotland  possesses.  I  might  mention 
other  instances  pf  a  similar  nature.  A  poor  Berwickshire  boy  was 
in  the  habit  of  t|tivelling  during  the  summer  as  a  pedlar,  and  during 
ibe  winter  he  put  himself  to  school  with  the  fri#its  of  his  summer's 
framings.  In  this  manner  he  contrived  to  give  himself  an  excellent 
education^  He  then  set  out  for  London  to  push  his  fortune.  His 
^t  situation  in  that  capital  was  that  of  j^xUi  XQ%\)m\ubi^^\«^Vi^ 
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gentleman  had  two  sons  learning  mathematics,  and  the  new  porter 
made  out  for  them  some  exercises  which  were  very  much  applauded. 
An  inquiry  was  made,  the  qualifications  of  the  porter  were  disco- 
vered, the  hookselier  recommended  him  to  some  friends  whom  he 
bad  in  a  particular  University.  He  went,  and  was  enabled  by  the 
kindness  of  those  gentlemen  to  complete  his  education ;  and  he  now 
fills  a  most  respectable  literary  situation  in  England: 

Nor  let  it  be  supposed  that  the  money  requisite  for  these  purposes 
was  great.  I  myself  was  educated  at  one  of  the  best  grammar 
schools  of  Scotland ;  and  the  whole  expense  of  my  grammar  school 
education  amounted  exactly  to  30^.,  of  which  I  myself  afterwards 
paid  205.  after  I  had  grown  up,  and  had  begun  to  provide  for  my- 
self; I  think  it  will  be  admitted  that  in  proportion  to  the  population 
ef  the  two  countries,  there  is  at  present  a  greater  number  of  literary 
Scotchmen  than  Englishmen.  Now  the  sole  reason  of  this  differ- 
ence is  the  cheapness  of  education  in  Scotland,  and  the  existence  of 
a  grammar  school  in  every  parish.  The  meritorious  exertions  of  the 
promoters  of  the  Lancasterian  schools  in  England  will  probably  soon 
destroy  this  difference,  at  least  in  part ;  though  I  am  apprehensive 
that  they  scarcely  go  far  enough.  The  mere  knowledge  of  reading 
and  writing  is  very  valuable ;  but  the  principles  of  morality  and 
religion  are  not  less  so;  because  wherever  they  are  wanting,  know- 
ledge proves  rather  a  bane  than  an  advantage.  It  is  much  to  be 
wished,  likewise,  that  means  were  taken  to  distinguish  those  chil- 
dren who  happen  to  be  possessed  of  uncommon  genius,  and  to  afford 
them  the  requisite  facilities  for  completing  their  education. — But 
this  digression  has  been  carried  far  enough. 

The  subjects  taught  at  the  University  of  Cambridge  are  divided 
by  Mr.  Wainewright  into  three  heads ;  namely.  Classics  and  Ge- 
neral Literature ;  Natural  Philosophy  and  Mathematics ;  Moral  and 
Political  Philosophy,  Metaphysics  and  Theology. 

1.  During  that  part  of  each  terrti  which  requires  attendance,  the 
classics  are  regularly  read.  They  consist  of  the  Greek  tragedies^ 
Plato,  Herodotus,  Thucydides,  Aristotle's  Poetics,  Cicero,  Tacitus, 
&c.  These  bool^  are  not  barely  read  ;  but  the  peculiarities  of  ex- 
pression, the  beauties  of  diction,  the  singularities  of  construction, 
the  prosody — every  thing  of  importance  is  pointed  out  by  the  tutor 
to  the  attention  of  the  young  men,  so  as  to  render  them  not  merely 
accurate  linguists,  but  scholars  and  critics.   - 

There  are  14  scholarships  or  exhibitions  in  Cambridge;  and  in 
filling  them  more  regard  is  paid  to  proficiency  in  Greek  and  Latin 
than  in  mathematics.  Various  annual  prizes  exbt  for  declamations 
in  Latin  and  English,  themes,  poems,  &c, ;  all  of  which  have  a 
tendency  tp  excite  emulation,  and  to  promote  the  cause  of  general 
literature.  Finally,  there  are  examinations  twice  a  year,  which  are 
fconducted  with  rig6ur  and  impartiality. 

2.  Very  particular  attention  is  paid  in  Cambridge  to  natural  philo- 
sophy  and  mathematics.     As  t\\e  ^ov\t\g  tnewW^^  seldom  any  pre- 

fious  knowledge  of  these  braivcVie^  oi  swxvct  "^V^u^^^j  ^o  x<i  ^<^ 
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,,  University,  the  tutors  find  it  necessary  to  commence  at  the  very 

begmning.    The  branches  of  mathematics  taught  are,  geometry, 

trigonometry,  algebra,  conic  sections,  fluxions ;  and  the  four  mathe- 

.  jnatical  departments  of  mechanical  philosophy,  namely,  astronomy, 

optics,  hydrodynamics,  n^xhanics.     Professors  Vince  and  Wood 

have  drawn  up  text  books  for  these  different  departments,  which 

save  a  great  deal  of  trouble,  both  to  the  tutors  and  pupils.   Finaliyi 

Newton's  Principia  is  thoroughly  studied  and  explained.      Mn 

Waiuf^w  right  explains  at  considerable  length  the  nature  of  the 

.public  examinations  which  take  place  before  the  distribution  of 

.  degrees,  siiows  the  prodigious  emulation  which  they  excite,  'ahA  the 

great  advantages  with  which  they  are  attended.     1  have  no  doubt 

whatever  that  these  disputatious  are  of  considerable  service,  and 

.  occasion  the  acquisition  of  much  useful  and  important  knowledge, 

and  the  developement  of  abilities  which  would  otherwise  have  lain 

{dormant. 

The  present  scarcity  of  eminent  mathematicians  in  Great  Britain 
•  bas  been  wondered  at  by  some  persons,  and  Mr.  Playfair  has  ascribed 
-  jt  to  the  mode  in  which  mathematics  is  taught  at  Cambridge.  Mr. 
Wainewright  endeavours  to  refute  this  opinion.  I  have  no  doubt 
inyself  that  it  is  to  be  assigned  to  another  cause,  or  rather  to  a 
variety  of  other  causes.  One  cause  is  the  kind  of  education  \o  which 
those  taught  in  the  great  grammar  schools  are  exclusively  confined. 
I  mean  Greek  and  Latin.  1  have  met  with  an  excellent  classical 
scholar  from  an  .English  school,  near  20  years  of  age,  who  could 
not  repeat  the  multiplication  table.  Unless  the  drudgery  of  alge- 
braic calculations  is  got  over  at  an  early  age,  we  can  scarcely  expect 
the  generality  of  mankind  to  acquire  much  dexterity  in  it ;  for  my 
readers,  I  presume,  are  aware  that  it  is  in  a  great  measure  a  itiecba- 
nical  art.  That  a  knowledge  of  Greek  and  Latin  is  of  considerable 
importance  to  every  literary  man,  is  what  every  person  will  very 
readily  allow.  They  afford  us  the  finest  models  of  style  and  compo- 
sition, and  furnish  much  valuable  information  in  history,  mathe-r 
matics,  and  moral  philosophy.  But  to  consider  a  knowledge  of 
these  languages  as  constituting  the  whole  of  a  liberal  education, 
appears  highly  preposterous.  A  knowledge  of  arithmetic  alone  is 
of  more  real  service  to  every  man  than  all  the  Greek  and  Latin 
•which  the  most  profound  scholar  ever  possessed.  Arithmetic  and 
mathematics  ought  to  constitute  a  part  of  every  school  education,  as 
well  as  Greek  and  Latin.  They  ought  to  be  as  assiduously  taught, 
and  considered  as  an  equally  necessary  preliminary  to  a  course  at 
the  University  as  Greek  and  Latin.  If  this  were  the  case  all  Qver 
England,  we  should  soon  see  a  change  in  the  figure  we  at  present 
make  as  a  mathematical  nation.  Many  individuals  of  the  first  rate 
mathematical  genius,  who  at  present  pass  through  life  without  being 
aware  of  their  powers,  would  acquire  the  requisite  preliminary  know-r 
ledge,  would  become  conscious  of  their  qualifications,  and  would 
proceed  the  greatest  length  in  that  career  thus  happily  opened.  I 
f^d  not  say  tl)at  mathematics  coosUtute^  a  igiaxv.  cA  ^^  eaxV}  ^^'Q«:%^ 


p^^^ 
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tioQ  in  France.    To  Ihis  circumstance  entirely  is  to  be  ascribed  the 
■     greater  number  of  matlieniaticiatis  which  tliat  country  has  Utely 
produced  than  our  own. 

Another  circumstance  wanting  in  this  country  for  the  flourishing 
of  mathematical  science  is  a  proper  encouragement  on  the  part  of 
Oovernntent.  In  some  departments  of  science  the  number  of  cul- 
tivators, or  at  least  of  amateurs.  Is  so  great,  that  a  book  published 
OB  them  is  pietiy  certain  of  selling  at  teast  sufRcienily  to  defray  its 
own  expenses ;  so  that  a  man  may  cultivate  these  departments,  and 
lay  his  discoveries  and  observations  on  ihem  before  the  world,  with- 
out much  risk  of  pecuniary  loss.  But  this  is  far  from  being  the  case 
in  matlicmatics.  The  number  of  readers  in  this  department  has 
always  been  so  small  that  a  mathematical  book,  unless  indeed  it  be 
a  school  book,  cannot  be  expected  to  defray  its  own  expenses  by  the 
extent  of  the  sale.  Tlie  consequence  must  be  tliat  none  but  the 
rich  can  venture  to  publish  in  the  higher  department  of  mathematics. 
But  unfortunately  lew  rich  men  are  likely  to  cultivate  this  difficult 
department  of  science,  and  still  fewer  are  disposed  to  dedicate  their 
wealth  to  the  advancement  of  knowledge.  Mathematicians,  then, 
will  in  general  be  deterred  from  publishing,  and  of  course  have  but 
little  chance  of  acquiring  that  re|>utaiion  which  attends  the  success- 
ful cultivators  of  the  other  scieneee.  Thus  the  great,  the  principal 
filimulus  to  exeiiiun  is  withdrawn.  No  wonder,  therefore,  that  but 
few  labo.urers  venture  to  cultivate  so  rugged  and  unpromising  a  field, 

la  Prance,  in  Prussia,  and  in  Ru^ia,  this  formidable  objection 
has  been  obviated  by  the  scientific  academies  established  in  these 
countries.  In  them  a  certain  number  of  mathematicians  receive 
salaries,  which  leave  them  at  liberty  to  devote  the  whole  of  their 
time  to  their  favourite  scieatv }  and  the  expense  of  their  respective 
publications  is  defrayed  by  Government.  Hence  the  great  number 
of  mathematical  papers  which  till  the  Memoirs  of  the  Pans,  Berlin, 
and  Petersburgb  Academies,  and  the  various  mathematical  disco* 
verles  which  adorn  the  18th  century.  In  England  the  Royal  So- 
ciety indeed  altbrds  the  means  of  publishing  valuable  mathematical 
papers  free  of  expense.  To  that  noble  institution  we  owe  all  the 
mathematics  that  still  lingers  in  Great  Britain.  But  as  ihe  mathe- 
maticiaiK  in  tliis  country  are  obliged  to  provide  for  themselves  with- 
out any  asMstance  from  GoverninenI,  they  are  compelled  to  devote 
the  greatest  part  of  their  lime  to  the  laborious  occupation  of  teach- 
ing, or  to  the  compilation  of  school  iraoks,  and  little  leisure  is  left 
them  for  the  cultivation  of  the  higher  branches  of  the  science. 

1  have  some  reason  to  suspect  that  but  little  attention  is  paid  at 
Cambridge  to  the  recent  mathematical  Improvements  made  upoa 
the  Continent ;  for  I  have  met  with  some  good  mathematicians  from 
Cambridge  who  were  quite  unacquainted  with  these  improvements. 
At  the  same  time  J  admit  that  I  have  met  with  others  who  were 
acquainted  with  them. 

3.  The  third  department  of  knowledge  cultivated  at  Cambridgt 
if  inoraiafld/jolilical  philosophy,  metaphysics  and  theology.     Th<( 
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text-books  employed  in  these  departments  are  Paley's  Prinfcipks  of 
]tforal  and  Political  Philosophy,  and  Locke's  Essay.  ,  Mr.  Waine- 
wright  informs  lis  that  the  writings  of  Reid,  Beattie,  and  Stewart^ 
especially  of  the  last,  are  also  frequently  referred  to  by  the  tutor, 
though  their  singular  doctrine  of  common  sense  is  far  from  being 
admitted.  This  singular  doctrine  to  which  our  author  alludes  is  this, 
that  in  the  science  ofmindf  as  well  as  in  every  other,  there  are  cer« 
tain  first  principles  or  laws  of  human  thought  which  cannot  be 
j^roved,  but  must  be  taken  for  granted ;  otherwise  tlie  science  itself 
^nnot  be  established.  One  of  these  first  principles  is,  that  the 
external  world  exists.  Dr.  Keid,  to  whom  alone  we  are  indebted 
for  this  doctrine,  gave  these  first  principles  the  name  of  c&mmon 
s^nsCf  because  they  have  been  always  admitted  by  the  common-sense 
of  all  mankind,  while  every  person  who  rejects  them  is  considered 
as  a  lunatic  or  madman.  Say  the  English  metaphysicians,  we  will 
not  admit  the  existence  of  the  external  world  as  a  first  principle. 
We  cannot  indeed  prove  its  existence,  but  we  think  it  ought  to  be 
proved.  If  it  cannot,  the  doctrine  of  Berkeley  and  Hume  must  be 
allowed  to  be  sound.  For  my  own  part  I  want  no  evidence  whatever 
of  the  existence  of  an  external  world,  and  would  consider  any 
attempt  to  prove  it  as  silly  trifling.  We  are  so  constituted  that  we 
must,  whether  we  will  or  nor,  give  credit  to  the  senses,  and  admit 
the  information  which  they  communicate  as  first  principles.  Such 
IS  the  doctrine  of  Dr.  Reid ;  and  instead  of  being  a  singular  doc- 
trine, 1  will  venture  to  affirm  that  it  has  been  maintained  by  9921 
thousandth  parts  of  all  mankind  in  every  age.  It  is  singular  enough 
tfaat^  thougti  I  never  met  with  any  Englbhman  that  would  admit 
the  truth  of  Dr.  Reid's  principles,  I  never  found  any  one  who 
&aemed  to  be  acquainted  with  these  principles,  or  to  have  perused 
tiie  works  of  this  acute  philosopher.  Mr.  Wainewright  shows  us 
that  at  Cambridge  thb  ignorance  is  universal ;  for  he  says  that  the 
tutors  refer  especially  to  the  writings  of  Dugald  Stewart.  Now  Mr. 
Stewart  is  an  elegant  writer,  and  has  illustrated  the  philosophy  of 
Keid  in  a  very  beautiful  manner ;  but  he  has  made  very  few  addi- 
tions to  it.  In  point  of  arrangement  he  is  rather  deficient,  which 
ipjures  considerably  his  writings  as  a  whole.  Tutors  acquainted  with 
the  subject  would  rather  refer  to  the  original  discoverer  than  to  his 
illustrator  and  commentator. 

Besides  the  knowledge  communicated  by  the  tutors,  there  are 
likewise  lectures  on  the  following  subjects,  which  I  presume  the. 
students  are  all  at  liberty  to  attend:— 

On  modern  history. 

On  the  laws  of  England. 

On  the  Roman  civil  law. 

On  experimental  philosophy. 

On  chemistry. 

.On the  application  of  chembtry  and  natural  philosophy  to  manu- 
fiMtures,  agriculture,  and  the  arts. 
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On  mineralogy.  ,  ^fl^^^^H 

On  ^^^^^^^^H 

On  domestic  medicine.  ^^^^^^^1 
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Sucli,  then,  is  a  view  of  the  knowledge  which  may  be  acquired 
at  Cambridge:  and  every  person  will  readily  acknowledge  that  it 
is  very  considerable,  and  that  a  young  man  in  such  an  University 
may  very  well  lay  a  sufficient  foundution  for  future  eminence.  One 
advantage  must  be  still  added,  which  I  consider  as  more  important 
than  alt  the  rest  put  together.  Every  student  has  free  access  to  a 
library  containing  above  a  hundred  thousand  volumes,  from  which 
he  may  borrow  ten  books  at  once,  merely  by  obtaining  a  Master  of 
Arts'  order.  This  advantage  must  give  Cambridge  a  prodigious 
superiority  over  Oxford. 

Had  I  not  already  extended  this  article  beyond  the  requisite 
length,  I  should  have  wished  to  have  noticed  a  few  particulars 
which  have  always  struck  me  as  disadvantages  attending  the  English 
Universities,  though  It  would  scarcely  be  possible  to  remove  them, 
without  introducing  changes  which  could  not  easily  be  acceded  toi 
I  shall  barely  hUit  at  one  or  two  circumstances. 

The  English  Universities  were  established  during  tlie  dark  ages 
when  learning  was  confined  entirely  to  the  clergy.  The  consequence 
was,  that  llie  sole  object  in  view  seems  to  have  tieen  ta  form  clergy- 
men. Hence  the  numerous  regulations  which  assimilate  these 
Universities  to  Monasteries.  A  dissenter,  I  understand,  cannot  be 
admitted  into  them.  Now  though  I  admit  that  the  education  of  the 
clergy  is  a  very  important  point,  yet  I  think  that  the  education  of 
the  rest  of  the  community  is  of  at  least  equal  importance,  it  is 
preposterous  to  ^ve  all  mankind  the  same  education  exactly,  he- 
cause  they  are  intended  for  different  professions ;  and  what  is  of 
first  rate  importance  to  one  man  is  of  no  use  whatever  to  another. 
Human  life  is  too  short  to  enable  every  individual  to  run  the  com- 
plete career  of  the  sciences  ;  yet  it  is  of  infinite  importance  that  a 
young  man  should  be  made  acquainted  with  the  first  principles  of 
the  profession  to  which  lie  is  lo  devote  himself.  Tile  lawyer  re- 
quires one  education,  the  physician  another,  the  clergyman  a  third. 
Where  in  England  can  a  merchant  or  manufacturer  go  to  acquire 
those  brandies  of  knowledge  which  he  ought  to  possess  ? 

At  the  University  of  Edinburgh  there  are  lectures  delivered  on 
the  following  subjects,  wliich  I  divide  into  sets  for  the  greater  per- 
spicuity : — 

I.  General  Literalure  and  Science. 


1.  Greek. 

6.  Mathematics, 

2.  Latin. 

7.  Natural  philosophy. 

3.  Logic. 

8.  Astronomy. 

4.  Rlietorie. 

9.  Natural  tustory. 

6.  Moral  philosophv. 

10.  Agriculturtt 
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IL  Medicine. 

1.  Chemistry.  6.  Theory  of  physic. 

2.  Anafomy.  7*  Practice  of  physic. 

3.  Botany.  *                 8.  Surgery. 

4.  Materia  medica.  9.  Clinical  surgery. 

5.  Midwifery.  10,  Medical  jurisprudence. 

HI.  Law. 

* 

J        1.  Universal  history.  3.  Civil  law. 

2.  Scots'  law.  4.  Public  law. 

IV.  Theology. 

1.  Divinity.  3.  Hebrew. 

2.  Church  history. 

Now  any  individual  that  chooses  may  attend  any  one  of  these 
classes  without  paying  attention  to  the  rest }  so  that  every  person 
bas  it  in  his  power  to  select  those  subjects  that  are  most  likely  to  be 
of  service  to  him.  The  consequence  is,  that  in  Scotland  every 
country  gentleman,  every  merchant  and  manufacturer,  has  enjoyed 
the  advantage  of  a  University  education.  In  England,  on  the  con- 
trary, this  advantage  is  confined  to  a  comparatively  small  number. 
You  will  find  more  profound  scholars,  and  perhaps  men  of  deeper 
ecience,  in  England  than  in  Scotland.  But  in  the  latter  country 
every  person  has  a  little,  and  there  is  therefore  more  knowledge 
upon  the  whole.  It  would  be  a  prodigious  advantage  to  England  if 
this  eclectic  mode  of  acquiring  knowledge  were  to  be  introduced 
into  the  Universities.  But  I  am  sensible  that  as  long  as  they  are 
powerful  political  engines,  and  possessed  of  such  prodigious  patron- 
age and  power,  this  can  never  be  the  case.  Science  can  nev^r. 
ttirive  where  it  is  united  to  politics :  the  union  is  unnatural,  de- 
grading,  and  destructive. 

*4i*  We  cannot  dismiss  this  article  witliout  reprobating,  in  the  strongest  terms, 
the  manner  in  which  the  Universities,  and  other  Public  Libraries,  have  availed' 
themselves  of  an  Act  of  Parliament  passed  in  the  session  before  last,  reviving  an 
otMolete  law,  whereby  authors  and  publishers  are  compelled  to  give  11  copies  of 
'every  book,  and  of  every  new  edition  to  which  there  is  any  alteration  or  addition. 
We  forbear  to  notice  the  injustice  of  a  law  which  inflicts  a  severe  tax  on  one  set  of 
individuals  for  the  exclusive  advantage  of  another.  We  shall  merely  speak  of  the 
extent  to  which  these  public  bodies  avail  themselves  of  the  power  vested  in  them  % 
and  particularly  the  richly  endowed  University  o(f  Cambridge,  to  which  more  par- 
ticularly literary  men  are  indebted  for  the  revival  ef  this  tax.  We  are  informed 
that,  with  the  exception  of  oneortwo  of  the  libraries,  which  affect  to  omit  Novels^. 
every  book  is  demanded,  however  expensive,  or  useless,  or  unfit  to  be  placed  on 
the  shelves  for  which  they  are  destined.  New  editions  are  demanded,  however, 
•majl  the  alteration  from  the  former.  We  know  an  instance  in  which  the  11  copiet- 
of  a  book,  price  1/.  10^.,  were,  demanded  and  received  in  April  of  thie  present, 
year,  and  another  11  copies' of  a  new  edition  in  August.  There  It  every 
t«  believe  that  the  parties  who  are  entrusted  to  make  tbo  dcnuiadb  do  at 
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nhat  book*  titty  order,  being  saliBflcii  with  reiurnirg  signni  the  Tery  li>u  wMeh 
tb"^  rennr  (rota  the  clerh  of  tbt;  Slaiionera'  Company.  Had  ilic  Ualversiliei  ben 
required  (n  pa,v  a  snm  hnirrver  nmall,  even  a  lenlh  of  the  price  of  each  booki 
tkii  laa  upop  lileralurc  would  have  beeu  exacied  witli  much  less  leTcriiy. 


I 


I.  Lectures. 


Tlie  Lectures  on  Midwifery,  and  the  Diseases  of  Women  and 
Children,  ai  ilie  Middlesex  Hospital,  by  Mr.  Meniman,  Physician 
Accoucheur  to  thut  H<^pita1,  and  Cunsuliing  Physician  Accoucheur 
to  the  Wesimiosier  General  Disjjensary,  will  recommence  on  Mon- 
day,  Oct.  y. 

A  Course  of  Lectures  on  Chemistry  will  be  commenced  at  the 
Chemical  Theatre,  No.  42,  Windmill -street,  on  Tuesday,-  Oct.  3, 
at  nine  o'clock  in  the  morning,  by  Wm.  T.  JJranile,  F.R.S.  L. 
andE.  Prof.  Chem.  R.l.  &c. 

The  Winter  Courses  of  Lectures  at  the  School  of  Medicine  In 
Ireland,  on  Anatomy,  Physiology,  Pathology,  Surgery,  Chemistry, 
Materia  Medica,  institutes,  and  Practice  of  Medicine,  will  com- 
mence on  the  6ih  of  November,  at  their  rcipectire  hours. — Anato- 
mical Demons!  rut  ions  will  commence  the  1st  of  December. 

Dr.  Gordon's  Lectures  on  Anatomy  and  Surgery  commence  at 
Edinburgh  on  Wednesday,  Oct.  25,  at  eleven  o  clock  furenoon ;  anil 
his  Lectures  on  ln)>titutions  of  Medicine,  consisting  of  Physiology, 
Pathology,  and  ITierapeutics,  on  Monday,  Oct.  30,  atoneo'ctocfc 
afternoon.  Both  Courses  will  be  continued  till  April,  five  Lectures 
being  delivered  weekly  in  each. 

IL  Substance  sublimed  during  the  Burning  of  London  Bricks. 

Many  of  my  readers  are  probably  aware  that  the  method  of 
burning  bricks  in  the  neighbourhood  of  London  is  different  from 
whut  is  practised  in  any  other  part  of  Great  Britain,  and  probably 
of  Europe,  The  fuel  employed  is  the  ashes  or  cinders  which  fall 
from  the  common  fires  in  the  different  houses  in  London,  and  which 
are  collected  daily  by  the  dust-carts.  The  greatest  part  of  this  fuel 
is  mixed  with  the  unbumt  bricks;  the  remainder  is  strewed  between 
the  layers  of  brick.  The  kilns  are  built  so  as  to  exclude  as  much 
of  the  air  as  possible.  The  consequence  is,  that  the  combustioa 
goes  on  very  slowly;  three  months  being  frequently  requisite  to 
complete  the  burning  of  a  single  kiln.  It  is  to  this  exclusion  of  the 
air  that  the  yellow  colour  of  the  London  bricks  is  owing:  the  outer- 
OKHt  row  of  bricks  is  always  red. 
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I  flsentioned  in  n  preceding  Yoluine  of  the  Annals  Bf  PhUosophjf 
that  Mr.  Trimmer  had  given  me  a  salt  which  commonly  sublimes 
daring  tlie  horning  of  the  London  bricks.  This  salt  I  found  to  ba 
Kil-ammoniac.  The  same  Qehtlemto  lately  put  into  my  hands  an« 
other  substance,  winch  sublimes  likewise  during  the  same  process^ 
though  in  much  smaller  quantity.  This  substance  is  usually  crys-^ 
tallized  in  long  slender  needles.  It  has  the  metallic  histre,  and  ft 
bluish-white  colour ;  but  is  so  delicate  in  its  texture  that  it  can 
acarcely  be  oolleeted  without  felling  to  powder.  In  its  common  statu 
ikim  substance  has  a  blue  colour  somewhat  resembling  that  of  watch* 
springs,  and  it  has  but  little  of  the  metallic  lustre. 

It  possesses  the  following  properties.  When  heated  in  nitric  acid^ 
it  eflervesces,  and  is  converted^  into  a  white  powder.  Before  the 
Udw-pipe  k  readily  melts;  and  if  in  a  state  of  purity,  is  speedily 
reduced  into  a  white  metallic  globule.  This  globule  is  soft  and 
malleable ;  it  dissolves  with  effervescence  in  dilute  ilttric  acid.  The 
solution  is  colourie^sf ;  it  crystallizes,  and  throws  down  a  white 
powder  when  mixed  with  sulphuric  acid  or  with  prussiate  of  potash. 
Aie  globule  is  therefore  lead.  When  the  substance  in  question  is 
not  pure,  but  mixed  with  earthy  matter,  it  readily  melts  before  the 
blow-pipe  Into  a  dark-coloured  glaze  j  but  no  metallic  globule  of 
lead  separates  from  it,  though  the  beat  be  kept  up  a  considerablef 
time  upon  charcoal.  These  facts  are  sufficient  to  demonstrate  &at 
this  substanee  sublimed  during  the  burning  of  London  l)ricks  is 
gialena,  or  sulphuret  of  lead.  Indeed,  it  has  exactly  the  appearance 
of  the  galena  after  it  has  been  roasted. 

This  galena  must  be  derived  from  the  cinders  of  the  coals  used 
for  burning  the  bricks.  It  is  very  common  to  observe  small  strings 
of  galena  running  through  coal  beds  3  and  unless  I  am  misinformed, 
such  strings  have  been  frequently  observed  in  the  beds  of  Newcastle 
coal.  As  galena  is  not  volatile,  at  least  at  the  temperature  at  which 
bricks  are  burnt,  we  must  ascribe  its  sublimation  in  the  present  case 
to  the  sal-ammoniac,  which  no  doubt  carries  it  along  with  it.  This 
salt  is  well  known  to  have  the  property  of  carrying  along  with  it 
those  metallic  bodies  with  which  it  happens  to  cpme  in  contact. 

III.  Queries  respecting  Valves^  with  aD&scription  of  the  Falves  in 

the  Human  Body. 

ijo  Dr.  Thomson.)  ... 

SIR, 

lo  this  ttge  of  improvement  and  discovery,  every  mrte  that  is  con*, 
tributed  to  a  public  journal,  if  it  is  only  to  open  the  eyes,  and  afford 
ally  degree  of  stimulus  for  others  to  improve  from,  mu^  be  gene- 
rally considered  worth  acceptance ;  and  it  is  principally  with  this 
latter  hope  that  I  submit  the  following  remarks  to  your  readers. 

What  I  am  about  to  communicate  has  considerably  engaged  my 
attention  for  some  time  past,  and  has  been  the  means  of  my  con^^H 
suking  every. author  oh  hydrostatics  possibly  within  my  command^ 
but  wholly  without  afiFording  me  the  least  saxU6^c\vott  is;  \ft  ^^-aSO^ 
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sought  afier,  wliicli  consists  in  tlie  construciion  of  a  valte  applicable 
to  this  part  of  science,  tijat  must  be  in  a  great  measure  very  com- 
plete. I  mean  tliose  after  tlie  oiiinDcr  of  ilic  valves  of  the  humao 
body.  I  believe  it  is  an  indisputable  maxim  thnt  ilic  nearer  v,c 
approach  to  tlic  mechanisni  of  the  vitul  frame,  imd  to  il)c  operation 
of  nature,  in  all  of  our  endeavours,  the  nearer  wc  conceive  and  find 
we  reach  to  pcrFecliun. 

The  valves  of  tbe  huinoD  body  every  anatomist  must  be  fully 
aware  are  constructed  on  an  iiiimiiabie  principle;  and  for  what  an 
inlimie  space  of  time  do  we  often  behold  iliose  most  important  organs 
performing  their  office  uninterrupted  and  unimpaired.  1  cannot  but 
imagine  that  this  plan  must  have  been  cootemplHted  by  many,  and 
even  put  into  practice  ;  but  being  unable  to  discover  aoy  accouut  of 
its  bemg  attempted,  I  should  feel  myself  under  a  grent  obligation 
(o  you,  or  any  of  your  correspondents,  that  would  give  me  the 
necessary  infonnation. 

A  few  weeks  since  I  constructed  a  temporary  model  of  a  pump  on 
the  plan  alluded  to,  by  fixing  the  valve  within  a  piece  of  larg« 
barometer  tube,  by  wbich  means  its  action  could  be  plainly  per< 
ccived :  and  as  I  conceive  many  of  your  irigenioui  readers  may  not 
perfectly  comprehend  the  manner  in  which  the  valves  1  alluded  to 
xre  constructed  in  the  liumau  body,  I  imve  sulijoined  a  slight  sketch 
of  tliem,  and  ho|>e  it  may  prove  sufficiently  illustrative.  It  is 
greatly  with  the  hope  that  some  mure  able  meciianlc  than  mwlf 
will  devise  a  proper  plan  for  securing  the  valve*  and  discover  those 
materials  that  will  best  answer  the  purpose,  and  erect  one  on  a  large 
and  useful  scale. 


1  lie  nnternl  of  whith  the  \a!ie  itself  most  be  compo  ed  appcan 
to  be  the  greatest  olfiiatlc  to  their  geiJtni!  cmplojment  I  firmly  hope 
tliat  this  19  wilhin  the  reach  of  many  :  and  if  (his  pajwr  stwuld  be  toe 
means  of  drawing  any  able  person's  ailentioo  to  the  subject,  I  doubt 
but  but  their  laliuur^  would  be  deservedly  crowned  with  success. 

The  substance  i  used  was  that  of  a  bullock's  bbidder,  as  beiiuf 
the  strongest  and  mostflexible  substance  capable  of  being  moulded 
to  the  proper  form,  thnt  I  could  ilien  procure  to  make  my  expen-, 
meats ;  but  this  substance  we  know  is  subject  to  a  lery  rapid  decay^ 
^jieci^ly.  wtiep  imKicrsed  ia  many. jQuids. 
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Tig.  1  sho^s  the  Valve  as  supposing  the  cylinder  to  be  slit  opeqi 
atid  taid  flat,  and  titrhich  may  be  supposed  to  be  three  bags,  dy  0^ 
and  c,  the  latter  of  which  is  here  divided :  one  side  of  each  bag  U 
fixed  to  the  side  of  the  cylinder;  and  the  edges  of  each  bag  meet^ 
or  are  even  allowed  to  lap  Ovet  each  other,  tb  be  certdiii  of  their  being 
in  contact.  The  opposite  side  of  the  bag  to  tliat  fixed  to  the  side  of 
tbe  cylinder  is  not  so  deep,  as  seen  at  cf,  with  a  small  projectioTi  or 
Idoseness  of  substance  in  the  centre  of  ^ch.  Indeed^  the  tKrce 
parts  must  be  made  a  trifle  more  than  sufficiently  lafg^  to  fill  thd 
IOmeter  of  the  tube,  as  it  will  thereby  be  strengthened,  and  be  more 
able  to  surround  and  inclose  any  foreign  substance  that  may  happeil 
fill  Stop  betweet)  it^  and  not  be  so  liable  to  be  stretched. 

Now  when  the  water  rises  in  the  pump  by  the  action  of  the  piston^ 
which  has  another  valve  of  the  same  construction  attached  to  it,  the 
bags  of  the  lower  valve  contract  and  become  empty,  and  allow  the 
water  to  pass  freely  j  while  those  of  the  upper  valve  in  this  piston 
4>e  'ftill  and  distended,  and  put  on  the  appearance  of  fig.  2,  and 
^li^e  versa.  I  proved  in  one  of  my  experiments  the  gredt  iitility  of 
these  valves  over  those  in  general  use.  I  put  a  quantity  of  sticks^ 
straws,  &c.  into  the  water,  and  observed  that  on  the  action  of  thd 
piston  a  large  piece  stuck  between  the  valve,  but  it  so  completely 
mclosed  it  that  not  a  drop  could  possibly  escape.  This  happenea 
^veral  times,  and  as  often  was  it  perfectly  secure. 

The  astonishing  strength  it  possessed  was  beyond  what  I  should 
have  conceived.  For  the  trial  of  this  1  inversed  the  val^e  in  thc^ 
{iistoo ;  and  after  raising  it,  I  did  not  possess  sufficient  musculat 
power  to  burst  or  even  displace  either  of  the  valves,  though  only 
luted  to  the  sides  of  the  cyhnder  by  a  strong  gum  water,  which  o^ 
course  became  after  a  time  dissolved. 

From  the  little  I  have  seen  of  its  operation,  I  am  persuaded  that 
its  erection  on  a  large  scale,  with  proper  materials  (whether  leather 
would  answer  the  purpose  1  am  not  competent  to  decide),  would  be 
attended  with  infinite  benefit  and  utility. to  mankind. 

I  am,  Sir,  your  niost  obedient, 

Hdst^n,  Sipt  I,  1815.  M.  MotLE. 

IV.  Regulations  for  the  Examfnation  of  apothecaries. 

The  Court  of  Examiners  chosen  and  appointed  by  the  MSister, 
Wardens,  and  Assistants,  of  the  Society  of  Apothecaries,  of  the 
City  of  London,  in  pursuance  of  a  certain  Act  of  Pariiameiit, 
^^  For  better  Regulating  the  Practice  of  Apothecaries  throughout 
England  and  Waie%"  passed  in  the  55th  year  of  the  reign  of  hia 
Ms^esty  King  George  the  lliird,  has  determined : 

That  every  person  who  shall  be  admitted  to  an  examination  for  a 
certificate  to  practise  as  an  apoftecary,  shall  be  required  to  produce 

Testimonials  of  having  served  ao  apprenticeship  of  not  les9  than 
five  years  to  an  apothecary ;  of  having  attsuned  the  full  age  of  21 
j^n>  and  being  of  a  good  moral  ixmduct. 
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He  is  expected  to  possess  a  competent  knowledge  of  the  Latin 
language)  n-ad  to  [irotlucc  ceriiBcatcs  uf  having  attended  not  less 
tlmn 

Two  Courses  of  Lectures  on  A'latoniy  and  PiiysioJogy : 

Two  Courses  of  Lecture  on  the  Tlieoiy  and  Practice  of  Medicioe  i 

One  Course  of  Lectures  on  Chemistry :  and 

One  Course  of  I^cctun's  on  Materia  Medica, 

A  certificate  of  aiteodancc  for  six  months  at  least  on  tlie  medical 
practice  of  some  puUUc  Hospital,  Infirmary,  or  Dispensary. 

The  Court  has  also  determined  that  the  examination  for  a  certiS- 
cate  to  practise  as  an  ajiotliecury  shall  he  as  follows : — 

1.  In  translating  parts  of  the  l'harmacop<£ia  Londinensb,  and 
Fhysicians'  Prescriptions. 

2,  Id  the  Theory  and  Practice  of  IMcdicine. 
S.  In  Fliarmao^tical  Cltcmietry. 

4.  In  tjie  Materia  Medica. 

Regulaliojits  for  the  Examinalioii  of  jtssistanU. — That  every 
person  who  shall  be  admitted  to  an  examination  for  a  ccrtilicate  to 
act  as  an  assistant  to  any  apothecary,  in  compounding  or  dispen^ng 
medicine,  shall  be  required  to  translate  parts  of  the  PharmacojKeia 
{jQudineasis,  and  Physicians' Prescriptions ;  and  shall  he  exsBiined 
tfi  to  his  knowledge  of  Pliarmacy  and  Materia  Medica. 

Notice. — Every  person  intending  to  qualify  himself  under  the 
regulations  of  tins  Act  lo  pnutt'ise  as  an  apothecaiy,  or  to  act  as  an 
assistant,*  must  give  notice  in  writing  (post  paid)  addressed  to  the 
Clerk  uf  the  Society  of  Apothecariet,  Aixjthecarics'  Hall,  Londonj 
at  least  six  days  previously  to  the  day  of  examination. 

The  Court  will  meet  in  the  Hall  on  Thursday  the  3d  of  August, 
at  two  o'clock  of  the  aficrnooi;i  precisely,  and  on  every  following 
Thursday  at  the  same  hour. 

By  order  of  the  Court, 

Leaden,  Juif  3i ,  1815,  JoHN  Watson,  Secretary. 

It  is  expressly  ordered  by  the  Court  of  Examiners  that  no  gra- 
tuity be  received  by  any  olRcer  from  any  person  applying  far  inform 
mation  relative  to  the  business  of  this  Court. 

v.  Extracts  from  th  Act  for  heller  Regulalins  the  Praitke  of 
Apothecaries  throiiglimt  England  andlVales. 
That  from  and  after  the  1st  day  of  August,  1815,  it  sliall  not  be 
lawful  for  any  person  or  persons  (except  persons  already  in  practice 
as  such)  to  practise  as  an  apothecary  in  any  part  of  England  or 
Wales,  unless  he  or  they  shall  have  been  examined  by  the  Court  of 
!Examiners,  or  the  major  part  of  them,  and  have  received  a  certifi- 
cate of  his  or  their  being  duly  qualified  to  practise  as  such  from  the 
said  Court  of  Examiners ;  who  are  authorised  and  required  to 
examine  all  person  and  persons  applying  to  them,  tor  the  purpose 
cf  ascertaining  the  skill  and  abilities  of  such  persou  or  [arsons  in  thi; 
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s'eidnce  and  practice  of  inedipln^  and  hb  or  their  fitdess  and  quali- 
ficaftioh  to  practise  as  an  apothecary. 

That  from  and  after  the  1st  day  of  August,  1815,  it  shall  not  be 
l&wfttl  for  any  person  or  persons  (except  the  persons  then  acting  as 
assistants  to  any  apothecaries,  and  exceptidg  persons  who  have 
actually  served  an  apprenticeship  of  five- years  to  an  apothecary)  to 
act  as  an  assistant  to  any  apothecary,  in  compounding  or  dispehsing 
medicines,  without  undergoing  an  examination  by  the  Court  of 
Sxaminers,  or  by  five  apothecaries,  so  to  be  appointed  as  herein- 
after is  mentioned. 

That  it  shall  and  may  be  lawful  to  appoint  five  apothecaries  in  any 
bounty  or  counties  respectively  throughout  England  and  Wales  (ex- 
cept within  the  said  city  of  London,  the  liberties  or  suburbs  thereof, 
or  within  30  miles  of  the  same,)  to  act  for  such  county  or  counties, 
or  any  other  county  or  counties  near  of  adjoining ;  and  such  five 
apothecaries  are  authorized  and  empowered  to  examine  all  assistants 
to  apothecaries  throughout  the  county  or  counties  in  regard  of  which 
such  apothecaries  shall  have  been  so  appointed  as  aforesaid. 
^  Th4t  if  any  person  (except  such  as  are  then  actually  practising  as 
a^h)  »haU,  after  the  said  1st  day  of  August,  1815,  act  or  practise  as 
an  apdthecary  in  any  part  of  England  or  Wales,  without  having 
obtittned  such  certificate  as  aforesaid,  ettrj  person  so  offending  stiall 
for  every  such  offence  forfeit  and  pay  the  sum  of  20l. ;  and  if  any 
peivon  (except  such  as  are  then  acting  as  such,  and  excepting  per9on8 
who  have  actually  served  an  apprenticeship  as  aforesaid)  shall,  after 
tile  Ist  day  of  August,  1815,  act  as  an  aasistam  to  any  apothecary,  to 
compound  and  dispense  medicines,  without  having  obtahied  such 
Q^ificate,  evtry  person  so  ofiending  riaall  for  every  such  ofience 
forfeit  and  pay  the  sum  of  5/.- 

That  no  apothecary  shall  be  allowed  to  recover  any  chaiiges 
dkimed  by  him  in  any  Court  of  Law,  unless  such  apothectfy  shall 
prove  on  the  trial  that  he  was  in  practice  as  an  apothecary  prior  to, 
or  on  the  said  1st  day  of  August,  1815,  or  that  he  has  obtained  a 
certificate  to  practise  as  an  apothecary. 

That  the  said  Master,  Warden^  and  Society  of  Apotheoses,  do 
make  annually,  and  cause  to  be  printed,  an  exact  list  of  all  and 
every  person  who  shall  in  that  year  have  obtained  a  certificate  to 
practise  as  an  apothecary,  with  their  respective  residences  attached 
to  thei'r  respective  names. 

VI^   Fi^ther  Ohsefmtims  an  Mr.  Ijichharfs  Extraction  of  the 

Cube  R^ts  of  Binomah^ 

(fo  Dr.  fhoiAsoD.) 

Oh  examining  my  letter  of  June  16,  1  obserre  that  I  have 
omitted  to  state  that  the  correclioQ  which  is^  thei^  pointed  out  is 
oiily  applicable  to  e<)[uaiions  which  are  reducible  by  Cardan's  mien 
lilr.  Loekbart's  roots  being  oMrrect  if  tlie  equation  bek>ng  to  the 
irreducible  case.    In  my  letter,  instead  oi  ^^'^vc^^  *^  '^t.^ja.^^^wx 
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seems  to  liavc  made  a  miatake  in  one  of  ihc  signs  of  the  root  ( 
liected  witli  ( :  when  corrected,  &c."  I  slioolU  have  sai(l,  "  Mr. 
liOfkhart  secras  to  have  tuatle  a  mistake  in  one  of  the  signs  pf  the 
root  connected  >vith  t,  when  the  eijuation  is  reducibte  by  Caiman's 
rule  :  when  corrected,  &c,"     So  that  the  roots  of 


refjupible,  will 


'  —  t  J-  =  c,  be 


refjupible,  will  ]3e  but  if  irreducible,  tlje  roots 

will  be 


J-  T  T  y  If  -  - 


^•<!I!* 


I 


Vpu  fvill  perceive  that,  when  the  above  omission  is  supplied,  the 
observations  in  Mr.  L.'s  last  lettci  lose  all  their  weight,  and  the 
cojiclusioos  1  have  come  to  in  my  former  letter  remain  in  full  force. 

I  «m  afraiJ,  however,  that  I  have  not  expressed  myself  with  that 
pf  rspi(;iiii/  whiei)  1  ought  to  have  done,  when  pointing  out  the  part 
of  Mr.  Lockhart's  deinnnstration,  wl»ere  the  error  appears  to  have 
originated;  for  if  I  bad  expressed  myself  properly,  Mr.  L.  must 
have  seen  that  there  was  to  be  a  distinction  between  equations  which 
are  reducible  by  Cardan's  rule,  and  those  belonging  to  the  irre- 
ducible case :  but  that  he  did  pot  perceive  it,  is  manifest  from  the 
obKervalions  in  his  last  letter. 

Ii)  endeavouring  to  supply  the  above  defect,  I  shall  begin  fay 
premising,  that  in  equations  belonging  to  the  irreducible  case,  ir  is 
always  greater  than  -,  but  less  when  the  equation  can  be  reduced 
by  Cardan's  role.  Hence  in  ineducible  equations  the  quantity 
(/*  —  J  j  isalwayspftHlicej  hut  in  redycible  equations,  wpgir^iwe. 

IVIr.  L.,  in  No.  30  of  ypur  Anvah,  has  shown  that  ~-t j- 

+  J  —  -gij-  =  J  —  -g^f)  or,  which  is  the  sanie  thing,  (  ^j -^ 

*'■)  ^  {t  ~  ~{)  ~ 'a  ~ '^'  ^"^  '"  extracting  the  square 
foot  of  these  equal  quantities,  it  is  plain  that  the  roots  on  both  sides 
pf  the  equatjop  must  be  of  the  sanje  kind ;  that  is,  if  one  be  a 
positive  quantity,  the  other  must  be  positive  also ;  or  if  one  be 
ijegatiye,  the  pther  must  be  negative  Ii|tewise.     Now  the  roots  are 

±  (i-^i)  X  ±  y/i  -i  .„d  ±  ^  (t-I-)-     ="'  H 

Jjas  been  noticed  before,  that  the  quaalily  (/*  — ^)   is   in  itself  ■» 


1 
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negative  quantity  whenever  the  equation  can  be  reduced  by  Cardan's 
rule.     Hence,  that  the  roots  may  be  both  positive  or  both  negative^ 

\Vc  mast  take  tlie  sign  of  (/*  —  jj  contrary  to  the  sign  of 
(\/-2 —  3  ) '  ^^  ^'^^^  ^'^^  equation  in  this  case  will  be  q:  (/*  —  ~  ) 

X  ±  V  (J  -  3)  =  =*=  'v^  (t  ""  "if )  •  '^"^  *f  *^  equation  be* 
long  to  the  irreducible  case,  the  quantity  (/•  —  -J  being  then  po* 
sitiv»  in  itself,  both  parts  of  the  roots  on  the  left  hand  must  have 
the  same  signs.    Hence  the  equation  will  be  ±  (<•  —  ^  I  x  rb  \/ 

^-7 —  -J  =  ±  a/  f -j —  27 )  •  and  1^  proceeding  with  these  two 
equations  as  Mr.  L*  lias  done  in  tlie  letter  alluded  to,  we  obtain 
from  the  first  of  thera,  ""  «  —  \/  4 —  «  = 

V  2  "^  V  "4 —  27 »  *'^^  ^^'^^  ^  ^^^®  '^^  given  in  my  former 
letter ;  and  from  the  second  we  get  —  |  +  V/ 4 —  i  ^  * 

4/  2  +  a/  _  —  _  j  the  same,  with  Mr.  L/s  root. 

.With  respect  to  the  two  roots  connected  with  x  and  v,  I  have 
only  to  observe,  that  they  are  obtained  in  the  very  same  manner  as 
that  connected  with  ty  only  there  is  no  ambiguity  in  the  two  quan^ 

titles  (x*  —  -A  ind  (»*  —  «  )>  the  former  being  always  a  positive, 

and  the  latter  a  negative,  quantity* 

.   Before  I  take  leave  of  this  subject,  it  may  not  be  amiss  to  observe, 

that  by  inspecting  the  formulas  for  the  cube  roots  of  the  two  iroa* 

ginary  quantities  {/ 1  +  yZ-f  -  g-  and  ^\  -  y/^  -  ^ 

when  the  given  eauation  x*^  ^  Zr  x  =  c  is  in^ducible,  it  is  manifest 
that  their  sum  will  always  be  a  rml  quantity ;  for  the  imaginary 
parts  in  th^e  roots  of  jthe  first  of  these  quantities  are  the  very  same  as 
th^  imaginary  parts  of  the  roots  belonging  to  the  second,  but  having 
contrary  signs.  It  likewise  appears  that  tl)e  real  quantities  arising 
from  taking  t)i^ir  smm  wiU  always  be  the  three  roots  of  the  given 
Quhic  equation. 

This  appears  to  me  to  bp  a  xxm^  direct  ant}  satisfactory  demon- 
stration, tliat  Cardan's  theorem,  tbpugh  apparently  an  imaginary 
Siiantity,  e^ibits  trply  tjiis  roots  pf  equations  belonging  to  the  irre- 
ucible  easfe,  thap  the  pne  generally  had  recourse  to,  viz.  to  expand 
each  part  of  the  root  in  ^0  infinite  series  by  means  of  tlie  binomial 
theorem. 

It  likewise  appears  from  these  formulaB  that  whenever  any  one  of 
jLhe  rpots  of  a  cubic  equatipn  admits  of  a  finite  valu^^  this  two  partf 
pf  Cafdan's  theorepa  aris  both  perfect  ^ubes«. 


I 

I 
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I  flatter  myself  that  your  Correspondent  Mr.  L.  will  now  perceive 
that  he  was  rather  too  hasty  in  concluding  that  "  all  numbers  lave 
four  imaginary  cube  roots."  And  further,  as  it  appears  that  it  was 
not  impossible  or  imaginary  quantities  which  led  "  to  such  difference 
of  senlimeiii"  in  this  case,  Mr.  L.  will  not  now  perhaps  think  it 
"  wise  to  abandon  tliem  altogether,"  particularly  as  it  is  known  that 
in  some  ca^es  tliey  lead  very  readily  to  results  which  are  very  trouble* 
BOme  to  obtain  by  any  other  method  yet  discovered. 

lam,  Sir,  your  obedient  servant, 

^'ewcaillf.  Jug.  la,  IS15.  H.    AtKINSOBI. 

P.S.  In  my  tetter  of  June  16,  p.  73.  lint  6  f'om  the  t*^  for 


\/l-  \/i  -  ^  •■^«''  \/«^  +  \/t  -  ^'  ^"'J  line  U 


from  the  top,  for  */  3G  ±  v*  7H4  =  v'  C'l  v'  8,  read 
i/  36  ±  v'  JS*  =  i/  61  or  t/  8. 

VII.  Test  if  Iodine. 
Stromeyer  has  announced  that  starch  is  so  delicate  a  test  of  iodine 
when  in  an  uncombined  state,  that  it  assumes  a  perceptible  blue 
tinge  when  no  more  than  T-y  rs-t  o'^^'  P"''^  °^  iodine  is  present  in  the 
liquid  examined.  I  have  not  tried  this  test  myself  j  hui  suppose 
that  in  most  cases  it  will  be  requisite  to  add  an  acid  to  the  liquid  in 
order  to  disengage  the  iodine  from  its  combinaiion.   The  blue  com- 

Kund  of  iodine  and  starch  was  first  made  known  to  chemists  by 
M.  Colin  and  Gaultier  de  Claubry. 

VIII.  Rapid  InlercouTse  Ikrough  Great  Britain. 

The  rapid  intercourse  which  at  present  exists  between  every  part 
pf  Great  Britain  and  the  capital  must  have  struck  every  person  who 
has  travelled  through  this  country.  We  meet  with  no  marked  dis- 
tinctions in  the  dress  or  manners  of  the  different  provinces.  The 
^hions  in  the  most  remote  parts  of  the  country  arc  quite  the  same 
as  in  London.  This  rapid  iniereourse  began  during  the  seven  year^ 
war  when  Britain  first  became  a  great  commercial  country,  audit 
has  been  increasing  ever  since.  It  is  owing  in  a  great  measure  to 
the  goodness  of  the  roads,  which  have  been  made  over  the  whole  of 
Great  Britain,  and  to  the  navigable  canals,  which  have  in  some 
pleasure  united  the  most  distant  manufacturing  towns  with  each 
other  and  with  the  capital.  Before  the  year  l7C(t,  the  inland  towns 
of  Great  Britain,  sueh  as  Manchester,  Leeds,  Halifax,  fltc.  chiefly 
carried  on  their  business  through  the  medium  of  travelling  pedlars, 
and  afterwards  on  pack-horses.  The  journey  in  (his  manner  from 
Manchester  to  London  occupied  a  fortnight  j  and  it  was  not  unusual 
fur  a  trader  going  for  the  first  time  on  this  expedition  to  take  the 
precaution  of  making  his  will.  At  present  the  stage  coaches  perform 
the  journey  in  about  a  day  and  an  half. 

In  the  year  17-o  there  was  not  a  cart  In  the  M'hole  county  of  Mid 
J/othi^n,     The  farmers  in  the  ueiglibQurlwod  of  Ditlke|th  carried 
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cntihe  stable  manure  from  Edinburgh  on  the  baek^  of  horses;  and 
a  journey  from  Dalkeith  to  Edinburgh  {mx  miles)  for  this  manures 
and  back  again  with  the  lo^d,  occupied  a  whole  day.  I  myself  re<* 
member  when  the  Tessels  trading  between  Leith  and  London  took  up 
t^vo  months  in  the  voyage,  and  they  were  constantly  laid  up  daring 
the  winter.  At  present  an  average  passage  is  less  dian  a  week,  and 
ti^y  sail  regularly  twice  every  week  all  the  year  round.  For  this 
"^ry  gi'eat  improvement  in  the  coasting  trade^  we  are  indebted  to 
the  inhabitants  of  Berwick-i>pon-Tw«ed.  They  first  employed 
smacks,  and  were  thus  enablea  to  perform  their  voyage  in  a  short 
apace  of  time.  The  consequence  was,  that  almost  the  whole  carry- 
ing trade  between  Edinburgh  and  London  hU  into  their  hands ;  and 
about  50  waggons  were  constantly  employed  hi  carrying  the  goods 
between  Berwick  and  Edinburgh.  The  proprietors  of  the  Berwick 
smacks,  in  order  to  save  the  expense  of  this  land  carriage,  made 
their  vessels  sail  directly  from  London  to  Leith,  and  from  Leith  to 
London.  This  continued  for  several  years ;  till  at  last  the  inhabitants 
of  Leith  and  Edinburgh  built  smacks  of  their  own,  and  drove  the 
Berwiekers  out  of  the  trade. 

IX.  Description  of  the  JVoaps :  and  Observations  on  the  Size  of 

the  Whale. 

(Ta  Dr.  Thomsoo.) 
SIR,  Whithy^  Jug.  IT,  W15. 

Tour  publication  being  peculiarly  adapted  for  the  disseminatioa 
of  fects  which  are  not  of  sufficient  importance  to  be  expanded  into 
IK  distinct  volume,  I  beg  leave  to  present  to  you  the  following,  whicfa,^ 
if  new,  you  will  oblige  me  by  inserting  in  the  Annals  of  P kilo* 
sophj. 

There  is  a  phenomenon  iamiliar  to  the  fishermen  of  the  east  coast 
of  England,  resembling  a  distant  cannonading^  whick  I  do  not  re- 
collect of  ever  seeing  noticed  in  any  scientific  work.  It  consists  of 
distinct  reports,  like  those  of  guns,  which  sometuxKS  are  beard 
sioglyi  or  at  distant  intervals ;  at  others  they  follow  each  other  so 
regularly  and  closely  as  to  resemble  a  ship  saluting.  ^It  cannot  be 
dbtinguished  from  distant  cannon,  but  that  it  often  occurs  when  no 
vessel  whatever  is  within  sight,  though  tl^  horizon  be  perfectly 
clear.  It  is  most  commonly  heard  ^  the  crews  of  the  farm  boats 
or  cobbles,  when  anchored  upoa  the  !uoggerbank,  or  other  situations 
at  a  distance  from  the  shore.  It  is  never  observed  but  iathe  summec 
season :  it  then  occurs  most  frequently  in  cloudy  weather,  and  about 
the  time  of  sun-rising.  It  is  not  attended  by  any  ligfa^,  iash, 
smoke,  or  other  visible  conse<|uences.  It  is  occasionally  heard 
from  the  shore,  but  by  no  means  so  firequently  as  at  sea.  The  phe- 
nomenon is  probably  electrical.  Our  Yorkshire  fishermen  attribute 
it  to Joul  aiff  and  distinguish  it  by  tlie  name  of  woaps  or  whops., 

I  consider  it  my  duty  al  this  opportunity  to  offer  a  few  remarks 
tipon  the  size  of  the  whale,  in  reference  to  some  observations  pub* 
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lislied  in  No  31  of  tlie  Annals.  Tlierc  is  doubtless  no  brnnch  of 
zoology  so  much  involved  as  that  which  is  now  cnlillL-d  Cctolog}', 
To  the  woild  at  large  several  gcncr^t  oC  tbis  class  of  animals  bear  the 
general  name  of  whales ;  aiid  from  the  circumiiaiice  of  many  of  the 
species  being  rarely,  if  ever,  caught,  tliey  arc  in  a  great  measure 
unknown.  Thus  it  is  that  the  mysticctus  physalis,  and  musculus, 
of  l^tnnxus,  aie  generally  conroun<l<:d.  The  first  is  probably  the 
most  bulky  animal  of  the  creation,  but  the  second  is  undoubtedly 
the  longest.  The  baltena  physalis,  or  razor-back  of  the  whale- 
fishers,  IS  often  seen  appaicnily  of  the  length  of  a  ship ;  that  is, 
from  'JO  to  1 10  feet :  and  of  this  species,  most  pntbably,  was  the 
skeleton  alluded  to  by  Capt.  Clarke.  From  the  quantity  of  mysti- 
ceti  which  1  have  seen  caught,  and  the  immense  number  which  I 
have  seen  at  liberty  in  the  Greenland  seas,  I  feel  the  grcaicsi  confi- 
dence in  asserting  that  tlie  northern  ivhalc  fishery  has  not  aftbrdod, 
during  the  last  15  years  at  least,  a  siiigle  individual  of  the  specie* 
(tf  the  length  of  80  feet. 

I  are.  Sir,  your  humble  obedient  servant, 

William  ScoiiEbBV,  ju| 
X.  On  Spring  Cmriages, 

(To  Br.  Thoimon.) 
SIR,  Edeewtrihanim. 

In  your  JruiaU  of  Philosophy,  No.  32,  for  August,  1HI5,  there 
is  an  account  of  some  experiments  which  were  shown  by  me  before 
jiCommittceofiheDublin  Society,  onthe22dof  last  April, 

1  beg  that  you  will  have  the  goodness  to  notice  at  your  leisure  a 
Hiistake  which  occurred  in  tliat  Report,  In  the  espcrinicut  No.  I» 
tried  with  two  furniture  carts  that  were  sustained  on  gra6sho[q)ci! 
springs,  the  result  is  stated,  to  be  in  favour  of  the  spiing  carriage, 
Tiz,  as  one-fourth  of  the  weight  that  was  laid  upon  it.  This  state-, 
sient  was  inaccurate,  because  the  exiwrJmcnis  were  exhibited  before, 
500  specialors,  whose  remarks  and  inquiries  prevented  a  minute 
attention  toihesummingup  the  results  with  accuracy.  Theiveighlof 
the  furniture  carts  was  forgotten,  which  should  have  been  included  in 
|lie  romparisoH  which  was  made  of  their  drafts,  'llicse  esiwrimenlv 
jiowcyer,  were  announced  as  the  means  of  malcing  a  general  im- 

fresslon  upon  the  public  to  remove  the  mistilien  predileetion  for 
igh  and  short  carriages,  and  to  recommend  the  use  of  springs  For 
^rriagcs  of  burden,  but  not  wiili  a  view  of  establishing  ilie  exact 
ratio  of  advantage  that  might  be  gained  by  diderent  constructions  of 
carriages.  . 

The  Dublin  Society  had  most  handsomely  appropriated  100/.  for 
(rj'ing,  before  the  Conmiitiee  of  Natural  Philosophy,  experiments 
ppon  wheel  carriages  under  my  conduct.  I  have  ever  since  that 
time  been  employed  unremittingly  in  preparing  a  set  of  accurate 
ptperimcnts  to  be  submitted  to  ihem,  when  1  have  satisfiifd  myself 
pf  their  being  wortliy  their  atteiition.     When  they  have  been  (jooii 
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pletedy  the  Report  of  the  Committee  shall  be  transmitted  to  your 
Journal. 

I  amf  Sir^  your  obedient  servant, 

Richard  I^velx.  Edgswo&tii. 

XL  On  Carlongie  of  Bismulh* 

(To  Pf.  ThenMon.) 
SIR, 

,  I  observe  in  the  last  number  of  your  Annals  a  notice  relating  to 
tfie  discovery  of  the  carbonate  of  bismuth  in  Cornwall.  I  am  in- 
duced to  trouble  you  with  a  few  words  upon  the  subject^  because  I 
i^nd  it  mentioned  nearly  six  years  ago,  and  some  particulars  relative 
tp  it,  with  a  coloured  engraving,  given  in  a  work  which,  notwitlw 
standing  its  general  utility,  and  the  encouragement  it  has  met  with, 
has  perhaps  in  scarcely  any  instance  been  cited  by  mineralogicai 
writers :  1  mean  Sowerhy's  British  Mineralogy,  containing  coloured 
engravings  of  the  minerals  of  Great  Britain,  accompanied  by  de* 
scriptions  and  remarks.  From  the  account  given  of  the  substance 
ip  question  in  that  work,*  it  appears  to  have  been  detected  by  the 
Bev.  W.  Gregor,  and  that  it  was  brought  from  St.  Agnes.  It  is  a 
white  earthy  substance,  rather  harsh  to  the  touch,  with  scarcely  any 
lustre  ;  and  the  specimen  sent  to  Mr.  Sowerby  was  considered  faj 
Mr.  Gregor,  from  his  chemical  examination  of  it,  to  be  mixed  with 
oxide  of  iron  and  stony  matter*  The  following  passage,  taken  from 
Sowerhy's  account,  will  serve  as  a  reason  that  this  substance  should 
have  escaped  detection  before  the  latter  part  of  the  year  1809,  the 
period  at  which  the  specimen  was  forwarded  to  Mr.  S.  **  We  think 
1%  of  much  c<Hisequence  to  figure  such  a  substance  as  the  present ; 
for  by  remembering  the  figure  we  shall  not  too  hastily  pass  over 
things  which  at  first  have  cbmmon  appearances,  but  examine  them 
vith  attention,  which  will  habituate  the  judgment  to  the  easy  discri* 
ipination  of  obscure  characters,  and  teach  us  to  suspect  what  is  not 
quite  usual,  and  therefore  to  examine  it,  if  necessary,  by  means  of 
cnemical  figent$/' 

Sept.  9,  1815.  G.  B. 

XII.  Talle  Mountain  at  the  Cape  of  Good  Hope. 

From  a  description  of  this  mountain  by  Capt.  Hall,  published  in 
the  last  volume  of  the  Edinburgh  Transactions,  it  appears  that  the 
lower  part  of  it  is  composed  of  granite,  that  the  granite  at  the 
bottom  is  covered  with  clay-slate,  and  that  veins  of  granite  pasi 
through  this  slate.  The  summit  of  the  mountain  consists  of  red 
aand-stone. 

♦  Tol.  W.  p.  77,  pK  344,  published  Dec.  1, 1808, 
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^P  John  LrNGFoan,  Woburn-place,  London  ;  for  liii  anatomical 
self-regulating  truss,  consisting  of  a  three  quarter  or  circulur  spring, 
with  an  angular  moveable  joint  and  end  piece,  with  joint  and  addi- 
tional spring,  to  act  occasionally  with  a  moveable  pad  of  various 
shapes,  agreeable  to  the  form  of  the  afflicted  part  of  the  body,  and 
with  elastic  spring  covering.     June  I,  1813, 

Bknjamin  Stbvens,  No.  42,  Judd-street,  St.  Pancras,  London; 
for  his  improved  methud  of  making  in&rine  and  domestic  hard  and 
soft  ftoap.     Junes,   1815. 

Richard  Trevithick,  Camborne,  Cornwall,  Esq. ;  for  certain 
improvements  on  the  high  pressure  of  steam-engines,  and  the  ap- 
plication thereof,  with  or  without  other  machinery,  to  useful  pur- 
poses.    June  6,1815. 

Ji;lien  Jobett,  Wells-street,  sweep-washer ;  John  Postee, 
Great'Sulfolli-Etreet,  Charing  Cross;  and  Lkwis  Contksse,  Bute- 
man-buildings,  London,  jeweller  ;  (in  consequence  of  a  commuui- 
cstion  to  them  by  a  foreigner  residing  abroad)  for  a  method  of  ex- 
tracting gold  and  silver  from  the  cinders  of  gold  refiners  and  other 
substances,  by  means  of  certHin  curious  machinery.    June  8,  18!B. 

JoH>f  Taylor,  of  Strafford,  Esses,  manufacturing  chemist;  for 
a  mode  or  means  of  producing  gas  to  be  used  for  tiie  purpose  of 
affording  light.     June  14,  IS15. 

Charles  Whitlow,  New  York  Coftee-house,  Sweetings  Alley, 
London,  botanist ;  for  working  or  making  of  certain  manufactures 
frnm  certain  plants  of  the  genus  urtica  and  asclipius,  growing  in 
North  America,  and  not  heretofore  used  in  this  realm,  whereby  the 
i^brics  or  products  usually  had,  made,  or  obtained,  from  hemp,  flax, 
cotton,  silk,  and  other  fihrous  materials,  or  the  seeds  or  the  parts 
thereof,  may  be  beneficially  had,  made,  or  obtained.  June  14, 
1S15. 

RoBEHT  Brown,  Burnham  Westgatc,  Norfolk,  ironfounder ;  for 
certain  improvements  upon  the  swing  of  wheel  ploughs,  plough 
carriages,  and  plough  shares.     June  14,  1S1.5. 

Jasi  us  Gardner,  Banbury,  Oxford,  machine  ntaher ;  for  im- 
provements on  a  machine  fur  cutting  hay  and  straw.  June  14,  1S15. 

WiLLUiu  Pops,  St.  Augustin's  place,  Bristol,  perfumer;  for 
certain  improvements  in  or  on  wheeled  carriages,  and  also  the 
method  or  methods  of  making  the  said  carriages  go  with  or  with- 
out the  assistance  of  animals,  which  meihod  or  methods  may  be 
applied  to  other  purposes.     June  14,  1815. 

Grace  Elizabeth  Service,  Arnold-place,  Newington,  Lon- 
don, spinster;  for  her  new  methods  of  manufacturing  straw  with 
gauze,  net,  web,  and  other  similar  articles,  for  the  purpose  of  making 
into  hats,  bonnets,  wotk-boxes,  work-bags,  toilet-boxes,  and  other 
articles.     June  ij,  1815. 


ISl^A  New  Sdent^  Aufkh  .  .     9lf 


Article   XI.   * 

Scientific  Books  in  handy  or  in  the  Presf» 

A  Nev  Edition  of  Dr.  Wellfi'4  E^aj  on.Slew.riR  in  Ihe  Pre;is»  and 
will  fqppeap  in  Octob^. 

Mr.  Sowerby  has  announced  his  intention  to  sell  separately  dgfloored 
Prilits  of  such  British  Plants  a»  are  introduced,  into  the  la»C  EdiHaon  of 
the  Materia  Medica.  A  great  part  of  the  plants  recoimnMided  in  the 
Materia  Medica  of  the  last  edition  of  the  rhmrmacopdeia  Londinensis 
are  indigenous  to  Great  Britain,  and  are  described  in  Sir  J.  £.  Smith's 
Flora  Britamuca,  and  figured  in  English  Betany.  '  Many  of  these  by 
experience  are  understood  to  supersede  tiieuse  of  some  of  (hs  Foreign 
onesi  the  identity  of  which  must  be  certainly  more  dubious.  The 
Royal  College  of  Pfayskians  have  very  c^roendahly  decided  upon  the 
propriety  or  medical. practitioners  having  a  suQci^t  knowledge  of 
Botapy  to  distinguish  those  plants  which  are  more  particularly  useful  in 
medicine :  wherefore  it  hae  been  thought  desirable  by  some  to  procure 
such  fig4ires  of  medical  plants  as  are  puUi&bed  in  English  Botany ;  and 
Mr.  S£verby  considers  it  his  public  duty  to  say,  that  he  wiH  furnish  to 
those  profesi^onal  persons  who  desire  it,  plates  only  of  Che  5^  medical 
plants  igured  in  English  Botany* 

Mf«  Anderson,  of  West  Smithfield,^  has  announced  a  Cat^ogue  of  £^n 
extensive  Collection  of  Books  in  Anatomy,  Surgery,  Medicine,  Mid* 
wifery,  Chemistry,  &c.  New  and  Second  Hand,  including  a  valuable 
sissortment  of  Medical  Works  recently  imported  frbta  the  Continent. 
To  which  is  added  a  List  of  the  Lectures  4<^v^ed  in  London,  with 
their  terms,  hours  of  attendance,  &c, 

Mr.  Hanson,  of  Manchester^  will  shortly  publish  a  Folio  Chart,  en<^ 
titled.  The  Meteorologist's  AssistiEmt,  accompanied  with  a  Card,  e^:- 
planatory  of  the  Mode  of  Notation.  The  chart  will  serve  for  any  year 
and  place  required : .  but  the  principal  object  of  it  is  to  bring  into  one 
view. a  year^5  observations  of  the  weather,  by  means  of  curves  and  eha« 
raeters.  Of  course  it  will  facilitate  a  comparison  of  cotempomfj 
notations  of  remote  places. 

Mr.  Crowe,  Surgeon  in  the  Royal  Navy,  will  publish  in  a  few  days 
a  Chemical  Table,  exhibiting  an  elementary  view  of  Chemistry,  ih^ 
tended  for  tHe  use  of  Students  and  young  Practitioners  in  Physic,  alsjO 
to  revive  the  Memory  of  more  experienced  Persons,  being  very  con- 
venient for  hanging  in  Public  and  Jrrivate  Libraries. 

Mr.  Carpu€*s  Work- on  the  Nasal  Operation,  with  Flates,  wfll  appear 
in  a  few  days. 

During  the  ensuing  month  will  be  published  tl^  Ninth  Volume  ef 
General  Zoology,  being  a  continuation  of  the  Birds^  by  I.  Stephens, 
Eiq*  who  will  finish  the  history  of  that  class.  The  Mollmca  wiH  be 
wurittea  by  Dr.  Bkinvilk,  of  Paris,  who  has  devoted  a  eonsiderahle 
portion  of  his  time  to  the  study  of  that  interesting  type  of  anhnais :  and 
Ae  Crustacea  by  Dr.  Leach,  who  is  now  gone  to  ftris  for  the  purpose 
of  obtsiping  a  o)Qre  perfect  knowledge  of  the  species  Thus  the  cor^-i 
p}f  tkxci  of  tliis  ixiterp^tixig  woik,  cpmmencedy  and  carried  as  far  a&  thii 
eighth  volume,  by  the  late  Dr.  Shaw,  may  be  speedily  expected* 
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REMARKS. 
XijiUA  Miinth. — II.  Windy:  Cianuloiteati i  and  in  the  evenios  yiaiif,  with  a 
liltlerain.  IS.  Much  wind,  with  Cuiniilotlfelus :  Ihiiader  anil  rain  frum  N.  Iwice, 
p.m.  after  irtiich  more  calm.  13.  Finir:  much  wind,  nilh  CumtUun  rulnumi 
Cirri,  evrniog.  14.  Cloudj  mDrnirg :  temp.  71°  al  nini>:  b.i(;r.  at  rigbl,  60°: 
*Tiiul]i:  a  (mart  diQirer  by  uiglit.  15.  Windy;  Cumulus  capped,  and  Cuinfo. 
alntiu:  lunar  coraun  at  night,  fuliowrd  by  rain.  16.  Fair  and  windy,  a.m.  willi 
clouds.  About  four,  p.  m.  at  iIif  pirciic  tim?  of  the  baroinrter'a  turning  to  rise, 
came  a  Tcry  heavy  ahiiner,  with  tuu  rlupi  of  tliunder.  IT.  Fair:  somewllat 
wihdy:  IscRC  Cuimdnitrad.  IB.  Rail!  till  nine  a.m.  after  wliirhfair:  brilliant 
EOn-Kt  and  mounlighl.  SO,  CMomlialraliis,  low  and  slatiauaty.  31.  Cumului,  wiiJi 
CTrmi  above,  lia«iug  little  molion  :  p.  m.  Ihc  wind  went  to  N.  F_,  and  Ibe  cloudi 
descended,  lowing  a  corona  round  the  mano.  88.  Oiercasl,  a.m.  with  ihundec 
cloudi,  the  wind  S.  ¥..:  vrry  heavy  luddeii  shower  brfnre  one:  wet,  p.  m.  33.  Rain 
and  windeariv  this  morning,  with  Ihuiider,  tlie  wind  S.  1^.  t  after  which  sn-Mping 
tlinwerii  frum  N.  W.,  and  much  wind  by  iii^I.  84.  Fair,  nitli  N.W.  wind,  and 
Cumulus:  Ihen  S.V/,,  wiih  Cirrocuinu/H].  83,  Fineday:  Curnufw,  with  Cirnii: 
-ong  breeze.     36.  A  little  rain  cnrly  :  heavy  showei?,  evcaing. 


RESULTS. 

BoTomeler:  Grratnl  height  (in  IS  days)   30-08  inchei. 

Leat.1 S9-aS 

Thermometer:  Greatest  height  (in  IS  duji)   TD" 

Least 44 

Rain   intedaya) l'T4  indi. 

AboDt  0'T3  inch  of  rain  apprars  to  liave  fallen  in  the  13  days  durlnc  which  the 
Bbaervatinnii  have  been  iiiterrupled.  The  CBlumn  heTelofnn;  given  to  the  rrsalli  of 
■he  evaparalian  guaie  wili  now  be  allolli-d  l<>  the  whalebsni-  hyigromrier  uF  De 
Luc,  noted  at  nine  a.m.  The  initniment  rmplsycd  was  previouily  adJnEled,  to 
thai  lis  xera  reprevnt«  the  hyjrniinetKt-  stale  uf  air  Innf;  ei|iQs<  d  in  a  rlote  vi-M>el 
to  qnli  It-time,  and  IUO°  that  of  air  limilarty  oposed  to  waler.  It  is  fnuod  to 
tan^e  bi  present  15°  or  80"  from  liie  mean  stale,  ia  whicll  il  is  noted,  tiiwarda  Ihc 
moist  extreme  In  the  niEhl,  and  the  dry  in  the  day. 

T0TT£.\aAM,  Ninth  Umlh,  18,  V815.  L.  UOW.\RD. 
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h««n,  heBmningal  9  A.M.  on  (he  daf  inHicMed  ia  (lie  first  colmaii.     <fcS 
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!MeieoTologkal  Joamol.  [Oct.  ^^^^| 

EffHa  UMth.-~^.  Cirnii,  pasiin^  la  CimrKmulus  and  Cirreslratut,  SS.  ShDwe;       | 
pari},  and  a)i;aiii  |).  ■■>•    S9.  Ugliiaing,  to  clandi  to  tfae  E.,  brmtwo  three  and 
four,  a.  m.  wUh  moimiigttl  westward  ;  a  fair  day,  vilh  Ctimnlw.     Hygr.  al  seycn, 
a.m.  10°.     aO,  Muclidew:  Camuhilratna  durio;;  (he  day.     31.  Urr}   morningi 
[)ieR  liraty  Cuniulssfrafui:  vrry  clear  niglit. 

A'inrA  AdrM. — 1.  Misty  morning;  Ommdiistriilas,  nhlrli  gave  plare  at  nlgbt  lo 
(he  Stratia,  S  A  little  fine  rain  early :  f arious  cliiuds  fallnwed,  and  iamr  dropi, 
p,  m. :  a  Cimiitratui  exhibited  the  prisaialic  colours  at  lun-tct,  and  snoic  elcvalrl 
Cirri  reeiBiard  long  red  after  tt.  4.  DnnvAutratW,  tflcr  lur^  Cini:  showeni  at 
evening  I  ralnhnw  :  brmiaiH  IWillfhL  fi.  Slrniig  brrCze  i  in  tke  evening  (lie  new 
in«<iii  appeared  nilh  a  well  defined  disk,  and  a  pale  pl>oa}ilinric  Hglil,  becotning 
aflerntardi  ituld  colnurcd,  7.  Jloar  fioit:  liyxr.  'JS'' at  teten,  tt.ni.  8.  Afters 
fine  day,  nearly  ralm  and  clundle^a,  tke  tmoke  settled  over  ilie  npposire  Valley, 
which  nasBoDoafteruards  filled  v/iib  a  Slralua.  10,  A  veil  of  liglit  clouds,  a.ni.: 
Mniewhat  haij  air,  ivith  a  swell  of  electricity.  IS.  A  SIralui.  VS.  Much  den  : 
(he  eTen1ne>  twilight  of  late  has  been  generally  eiitoared,  and  a(  times  streaked 
with  converging  «ha<knt<,  Ihc  or'igili  of  which  cduIiI  mit  he  trared  lo  clonds  inter- 
ceptinjc  (he  light.  U.  CiiTui  only,  which  iacteabcd  during  lUe  day,  and  aiostlj 
diupjieared  in  the  night :  the  eitretnes  of  leiap.  near  tile  grni^d  were  63°  and 
49°:  IhB  hygr.  recnfed  nearly  to  ?S^.  15,  Clear,  a.  n. :  in  tlie  eiening  Orrf,  and 
oIltCBril;  to  the  Vi. :  after  niikbd'Toitfiiliis.  and  a  very  distant  Hash  of  llghlniug 
intheS.W.  16.  A  llllle  rajD.  a.m. :  maeh  mure  clend  Ulan  of  1st-  has  been 
Bbiul :  a  Ifiaiivs  fimainj;  in  the  9.W. ;  in  the  evening  steady  raiu.  17.  Large 
,Cirruj,  patsii^  to  Cirrocyraulus :  at  so n^ set  a  sheet  of  coiapDDiid  drmlralas,  while 
Tncreasiag  by  rapid  propagallun  frum  N.W.  to»atds  S.  E.  was  most  beautifnll; 
kindled  up,  for  a  short  time,,  uilh  fiane  colnur  and  orange  an  a  purple  ground. 
la  Fair,  wilh  (he  lighter  uodificatioDS.  19.  Much  wind  at  F.  N.  E.  (his  mora, 
iag:  hygr.  40^  BI  half-post  tea,  a.m.  SO,  Hoar  fro;!  i  itrong  breeze:  hygr.  30° 
at  Ihreev  p.  m.  SI.  Cirnii,  followeil  hy  tbe  intemiedlale  Eiodlficaliani.  'si.  The 
sky  filled  gririiiallv  with  cluaJii,  both  above  aad  below:  in  ihe evening  Ihey  grew 
bittck,  but  Ihe  rain  came  on  wiUiout  any  eiplo&ion  of  electricity  here.  A  ^r^ 
iailocit,  which  I  discovered  near  Ihe  S.  W.  horizon  this  evening,  appeared  to  be 
impelled  by  diOeient  currcDl*  In  rising,  but  pa^^cd  the  zenith  going  at  a  grea(  rate 
and  elevalioa  towards  the  E.  S3.  Cluady :  wind  N.W. ;  (hen  N.  j  mall  raiB. 
S4,  Early  overcoat  with  C/rraif ratio ;  the  <iwallnwa  went  off,  as  it  appears,  thit 
morning:  after  a  mnrmuring  sound  in  (he  wind,  usual  before  southerly  showers,  we 
hadadriziliugdaj  till  evening:  Ihehjgr.  did  not  recede  past  «tP.  S5.  A  fiHe 
iay  :  liygr.  went  ts  S7°  in  the  ulght.  ^^^B 

Winds  light  and  variable.  ^^^H 

icier ;  Createst  height .to-1 1  incbes ;  ^^^| 

..^9-46tnche(t  4^^H 

Mean  of  the  period  99-8S£  iodui,  ^^^| 

Tticrmiimctcr :  (hen test  height  IB-  ^^^| 

i-t'^i ,....ji'    ^^H 

Me.-inof  the  period ST-OO*     ^^^ 

Hygrometer,  loeaii  degree,  38°.    Rain,  OJiT  inch. 

■•*  A  fiery  aieleor  of  the  first  magnitude  was  seen  here  lo  pass  from  (he  N.  E, 
to  the  N.  nn  the  BSIh  nit.  near  eight,  p.  m. :  of  wbicli  a  further  account  from  u 
jicauratc  observer  will  be  accepoilile. 
■     Towi-KniiJt,  Ninth  XmtA,  JO,  1S15,  L,  HOWARD^ 
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On  the  Relation  letween  the  Specific  (Srdvities  of  6odi(SS  in  their 
Gaseous  State  and  the  Weights  of  their  Atoms. 

±HE  author  of  the  following €ssay  submits  it  to  the  public  with 
the  greatest  diffidence;  for  though  he  has  taken  the  utmost  pains  to 
arrive  at  the  truth,  yet  he  has  not  that  confidence  in  his  abilities  as 
an  experimentalist  as  to  induce  him  to  dictate  to  others  far  superior 
to' himself  in  chemical  acquirements  and  fame.  He  trusts,  however^ 
that  its  importance  will  be  seen,  and  that  some  one  will  undertake 
to  examine  it,  and  thus  verify  or  refute  its  conclusions.  If  these 
should  be  proved  erroneous,  still  new  facts  may  be  brought  to  Jight^ 
or  old  ones  better  established,  by  the  investigation ;  but  if  they 
should  be  verified,  a  new  and  interesting  light  will  be  thrown  upon 
the  whole  science  of  chemistry. 

It  will  perhaps  be  necessary  to  premise  that  the  observation^ 
about  to  be  offered  are  chiefly  founded  on  the  doctrine  of  volumes 
as  first  generalized  by  M.  Gay-Lussac ;  and  which,  as  far  as  the 
author  is  aware  at  leasts  is  now  universally  adinitted  by  chemists. 

On  t/ie  Specific  Gravities  of  the  Elementary  Gases. 

1.  Oxygen  and.  Azote. — Chemists  do  not  appear  to  have  consi- 
dered atmospheric  air  in  the  light  of  a  compound  formed  upon 
chemical  principles,  or  at  least  littte  stress  has  been  laid  upon  this 
circumstance.  It  has,  however,  been  long  known  to  be  constituted 
by  bulk  of  four  volumes  of  azote  and  one  volume  of  oxygen ;  and 
if  we  consider  the  atom  of  oxygen  as  10  ^  atom  of  azote  as 

17*5,  it  will  be  found  by  weight  to  con  atom  of  oxygeni 

and  two  atoms  of  a2ote,  or  per  cent,  of 

Yot.VLN^V.  X 
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Oxygen 22*22 

Azote    7777 

Hence,  then,  it  must  be  considered  in  the  light  of  a  pure  cbe* 
mical  compound ;  and  indeed  nothing  but  this  supposition  win 
account  for  its  uniformity  all  over  the  world,  as  demonstrated  by 
numerous  experiments.  From  these  data  the  specific  gravities  of 
oxygen  and  azote  (atmospheric  air  being  1  *000)  will  be  found  to  be,^ 

Oxygen I'llll 

AzQl€ -9722 

2.  Hydrogen. — ^The  specific  gravity  of  hydrogen,  on  account  of 
its  great  levity,  and  the  obstinacy  with  which  it  retains  water^  ha» 
always  been  considered  as  the  most  difKcult  to  take  of  any  other 
gas.  These  obstacles  made  me  (to  speak  in  the  first  person)  despair 
of  arriving  at  a  mofeju$t  co>hclusion  than  had  been  before  obtained 
by  the  usual  process  of  weighing ;  and  it  occurred  to  me  that  it» 
specific  gravity  might  be  much  more  accurately  obtained  by  calcu- 
lation from  the  specific  gravity  of  a  denser  compound  into  which  it 
entered  in  a  known  proportion.  Ammpniacal  gas  appeared  to  be  the 
best  suited  to  my  purpose,  as  its  specific  gravity  had  been  taken 
with  great  care  by  Sir  H.  Davy,  and  the  chance  of  error  had  been 
much  diminished  from  the  slight  diflference  between  its  sp.  gr.  and 
that  of  steam.  Moreover,  Biot  and  Arrago  had  obtained  almost 
.precisely  the  same  result  as  Sir  H.  Davy.  Thesp»gr.  of  ammonk^ 
.according  to  Sir  11.  Davy,  is  '590164,  atmospheric  air  being  I'OOO. 
We  shall  consider  it  as  •5902 ;  and  this  we  are  authorized  in  doing, 

•as  Biot  and  Arrago  state  it  somewhat  higher  than  Sir  H.  Davy. 
.Now  ammonia  consists  of  three  volumes  of  hydrogen  and  one  volume 
of  azote  condensed  into  two  volumes.  Hence  the  sp.  gr.  of  hydrogen 
will  be  found  to  be  '069^,1  atmospheric  air  being  I'OOOO.  It  will 
be  also  observed  that  the  sp.  gr.  of  oxygen  as  obtained  above  is  jusjt 
U>  times  that  of  hydrogen  as  now  ascertained,  and  the  sp.  gr.  of 
azote  j list  14  times.  X 

3.  Chlor'me, — The  specific  gravity  of  muriatic  acid,  according 
•jco  Sir  H.  Davy's  txperimentij,  which  coincide  exactly  with  those  of 

• 

,     *  Let  X  =  sp.  gr.  of  oxygen.    22*22  =  a 
V  =  sp.  gr.  of  azote.        77*77  —  b^ 

T  .n  ^  •*•  •*  y        1  .  : 

I;  en  =  J. 

5 

And  a: :  4.  i;  ::  a  :  b,        - 

4  a  if 
Hence  5  —  4  w  =  — — ^ 

And  w  =- — =  -9722.     And*  =  *  -  4  j/  ^  I'llllW 

4  a  +  4:  b 

f   Let  X  =  ap.  fjr.  of  hydrogen. 
Then  UL^  =  -5902. 

Hence  ,  .'lH^^Lli:?!!!  ,  -0694. 
'       3  . 

t  I -111 11  -r  0694  ==  16.     Xnd'Waa  "^  'Cftak  =\V. 
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Biot  and  Arrago,  is  1*278.  Now  if  wc  suppose  this  sp.  gr.  to  be 
erroneous  in  the  same  proportion  that  we  found  the  sp.  gr,  o{ 
Oxygen  and  azote  to  be  above,  (which,  though  not  rigidly  accurate^ 
nay  yet  l>e  fairly  done,  since  the  experiments  were  conducted  in  a 
similar  manner),  the  sp.  gr.  of  this  gas  will  come  out  about  1'2845;* 
and  since  it  is  a  compound  of  one  volume  chlorine  and  one  volume 
hydrogen,  the  specific  gravity  of  chlorine  will  be  found  by  calcula- 
tion to  be  2'5.t  Dr.  Thonison  states,  that  he  has  found  2*483  to 
be  near  the  truth,  J  and  Gay-Lussac  almost  coincides  with  him.  § 
Hence  there  is  every  reason  for  concluding  that  the  sp.  gr.  of  chlo- 
rine does  not  differ  much  from  2*5.  On  this  supposition,  the  sp. 
gr.  of  chlorine  will  be  found  exactly  36  times  that  of  hydrogen. 

On  the  Specific  Gravities  of  Elementary  Substances  in  a  Gaseous 
State  that  do  not  at  ordmary  Temperatures  exist  in  that  State. 

1.  Iodine. — I  had  some  reason  to  suspect  that  M.  Gay-Lussac  had 
in  his  excellent  memoir  rated  the  weight  of  an  atom  of  this  subr 
stance  somewhat  too  high ;  and  in  order  to  prove  this  50  grains  of 
iodine,  which  had  been  distilled  from  lime,  were  digested  with  30  grs.» 
of  very  pure  lamellated  zinc.  The  solution  formed  was  transparent 
and  colourless  ;  and  it  was  found  that  V2'\)  graitis  of  zinc  had  been 
dissolved.  100  parts  of  iodine,  therefore,  according  to  this  experi- 
ment, will  combine  with  25*8  parts  of  zinc,  and  the  weight  of  an 
atom  of  iodine  will  be  155,  (|  zinc  being  supposed  to  be  40.  From 
these  data,  the  sp.  gr.  of  iodine  in  a  state  of  gas  will  be  found  by 
calculation  to  be  S'fJl  1 11 1,  or  exactly  124  times  that  of  hydrogen.** 

2.  Carbon. — I  assume  the  weight  of  an  atom  of  carljon  at  ^*5, 
Hence  the  sp.  gr.  of  a  volume  of  it  in  a  state  of  gas  will  be  found 
by  calculation  to  be  '4166,  or  exactly  12  times  that  of  hydrogen. 

3.  Sulphur. — ^The  weight  of  an  atom  of  sulphur  is  20.  Hence  the 
specific  gravity  of  its  gas  is  the  same  as  that  of  oxygen,  or  1*1111, 
and  consequently  just  16  times  that  of  hydrogen. 

♦  As  1-104:  Mllll  ::  1-278:  1*286. 

-And  as  -969  :  -9122  ::  1278  :  1-283.    The  mean  of  these  is  1*2845. 
f  Let  X  —  sp.  gr.  of  chlorine. 

Then  =  1-2845. 

2 

And  X  =  2-569  —  -0694  =  2*5  very  nearly. 

X  Annals  of  Philosophy^  toI.  iv.  p.  13. 

§  Ditto,  vol.  vi.  p.  126. 

g  As  25*8  :  100  ::  40  :  155.  According  to  experiment  8th,  stated  below, 
the  weight  of  an  atom  of  zinc  is  40.  Dr.  Thomson  makes  it  40*9^  which  differs 
Tery  little.     Ssee  Annals  of  PhilosophUj  vol.  iv.  p.  94. 

**  One  volume  of  hy(iroa;en  rombintfS;  with  only  half  a  volume  of  oxygen, 
but  with  a  whole  volume  of  gaseous  iodine,  according  to  M.  Gay-Lussac.  The  ratio 
in  volume,  therefore,  between  oxygen  and  iodine  is  as  (to  1,  and  the  ratio  in 
Weight  is  as  1  to  15*5.  Now  *5555,  the  density  of  iialf  a/votume  of  oxygen,  multi- 
plied by  15-5,  gives  8-61111,  and  S'6lell  *^  '06944  =  124.  Or  generally,  to 
fiad  the  sp.  gr.  of  any  substance  in  a  stale  of  gas,  we  have  only  to  multiply  half 
'the  sp.  gr.  of  oxygen  by  the  vf eight  of  the  atom  of  the  substances  with  respect  to 
tzygen.    $ee  AnnuU  of  FMlosQfhy^  ? ol.  v.  p.  105*  • 
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4.  Phosphorus. — I  have-made  manye.^periaientsinor(lertoa5cer' 
tain  the  weighr  of  an  atom  of  ihis  substairce ;  but,  after  all,  have 
not  been  able  to  satisfy  myeelf,  and  want  of  kbwe  will  not  permit 
me  to  pursue  the  subject  further  at  present.  The  results  I  have 
ohtaiued  approached  nearly  to  those  given  by  Dr.  Wollastoo,  which 
I  am  therefore  satisfied  are  correct,  or  nearly  so,  and  which  fix 
phosphorus  at  about  17'5,  and  phosphoric  acid  at  37"5,  *  and  these* 
nimibers  at  present  1  adopt. 

6.  Calcium. — Dr.  Marcet  found  carbonate  of  lime  composed  of 
43'9  carbonic  acid  and  56-1  Uine.t  Hence  as  43-9:  56-1  ::27'5 
;  35-1,  or  35  very  nearly;  and  35  —  10  =  25,  for  the  atom  of 
calcium.  The  sp.  gr.  of  a  volume  of  its  gas  will  therefore  be 
1'388S,  or  exactly  20  times  that  of  hydrogen, 

G.  Sodium. — 100  grains  of  dilute  muriatic  acid  dissolved  IS-figis. 
of  carbonate  of  lime,  and  the  same  quantity  of  the  same  dilute  acid 
dissolved  only  8'2  grs.  of  carbonate  of  lime,  after  there  had  been 
previously  added  SO  grs.  of  a  very  pure  crystallized  subcarbooate  of 
soda.  .  Hence  30  grs.  of  crystallized  subcarbonate  of  soda  are  equi- 
valent to  10*4  grs.  of  carhonate  of  lime,  and  as  10'4  ;  30  ::  62-5  : 
180.  Now  100  grs.  of  crystallized  subcarbonate  of  soda  were  found 
by  application  of  heat  to  lose  62'5  of  water.  Hence  180  grs.  of  the 
same  salt  contain  113-5  water,  equal  to  10  atoms,  and  67-5  dry 
subcarbonate  of  soda,  and  67-6  —  27'5  =  40  for  the  atom  of  soda, 
and  40  —  10  =  30  for  ilie  atom  of  sodium.  Hence  a  volume  of  it 
in  a  gaseous  stale  will  weigh  rfi6fi6,  or  exactly  24  times  that  of 
hydrogen. 

7.  /707i.— 100  grs.  of  dilute  muriatic  acid  dissolved  as  before  I8'G 
gi^s.  of  carbonate  of  lime,  and  the  same  quantity  of  the  same  acid 
dissolved  10-45  of  iron.  Hence  as  18-ti  :  1045  ::  62-5  :  35-1,  or 
for  the  sake  of  analogy,  35,  the  weight  of  an  atom  of  iron.  The 
sp.  gr.  of  a  volume  of  this  metal  in  a  gaseous  state  will  be  1*9444,  or 
exactly  28  times  that  of  hydrogen. 

8.  Zinc. — 100  grs.  of  the  same  dilute  acid  dissolved,  as  before,  1 8*6 
of  carbonate  of  lime  and  11-35  of  zine.  Hence  as  13-6  ;  U-85  :: 
62*5  :  39-82,  the  weight  of  the  atom  of  zinc,  considered  from 
analogy  to  be  ■lO.  Hence  the  sp.  gr.  of  a  volume  of  it  in  a  gaseous 
state  will  he  2-222,  or  exactly  32  times  that  of  hydrogen. 

9.  Tolassium. — 100  grs.  of  the  same  dilute  acid  dissolved,  as  before, 
18-G  carbonate  of  hme ;  but  after  the  addition  of  20  grs,  of  supers 
carbonate  of  potash,  only  8*7  carbonate  of  lime.  Hence  20  grs.  of 
super- carbonate  of  potash  are  equivalent  to  9-9  carbonate  of  lime  ; 
and  as  9-9  :  20  ;:  62-5  ;  120-26,  the  weight  of  the  atom  of  super- 
carbonate  of  potash.     Now   126'2G  —    55    +    11-25   =  GO,  the 

•  Sdme  of  my  ciperimeDU  approacbed  nearer  la  SO'  plinsphorui  and  40  phoi- 
phorid  acid. 

+  I  quote  on  the  suthorUy  nf  Dr.  Thomson,  Jnaali  of  Piihsophg.  vol.  iir. 
p.  S7fi.  Dr.  Wollaslon  Toakes  il  Bomewhal  differtrnl,  or  Ihal  carbonate  of  11" 
cootUt* of  43-7  acid  and  563  lime.     Ptiil. Trans. toI.  cIt. p.  8, 
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'(weight  of  the  atom  of  potash,  and  60  —  10  ss  50^  thil  \^eight  of 
ihe  atom  of  potassium.  Henee  a  volume  of  it  in  a  state  of  gas  will 
.weigh  2*777/ >  or  exactly  40  tim^  as  much  as  hydrogen. 

10.  Baryiium. — 100  ^.  of  the  saqQe  dihite  acid  diasolised  exactly 
M  much  Kigain  of  carbonate  of  Imrytes  as  of  carboniate  of  lime* 
Hence  the  weight  of  the  atom  of  carbonate  of  barytes  is  125;  and 
•i25  —  27*5  =  97*5,  the  weight  of  the  atom  of  barytes,  and  97*5 
—  10  .==  87*5,  the  weight  of  the  atom  of  barytium.  The  sp.  gr. 
liherefore,  of  a  volume  of  its  gas  will  be  4*8611,  or  exactly  ^0 
times  diiat«f  hydrogen. 

With  re^ct  to  the  above  experiments,  I  4iiay  add,  that  they 
iwere  made  with  the  greatest  possible  attention  to  accuracy,  «k1 
.most  of  them  were  many  times  repeated  with  almost  precisety  the 
«Bme  results. 

The  following  tables  exhibit  a  general  view  of  the  above  results^ 
^nd  at  the  same  time  the  proportions,  both  in  volume  and  weighty 
on  which  they  unite  with  oxygen  and  hydrogen :  also  the  weights  ^ 
.other  substances,  which  have  not  be^n  rigidly  examined^  are  hstp 
4|t4ted  from  analogy. 
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TABLE  tV.—St^stances  stated  from  Analogy,  hut  of  vAick  ws 
are  yet  uncertain. 


Name. 

1 

i 
1 

si- 

n 
li 

I 

r 

la- 
's .= 

Ij 

Obserraliani.   , 

Aluminum   .... 
Magnesiam.... 
ChTDnrium    .... 

Nickel 

Cobalt 

Telluriam 

Copper 

Slronlium 

Ariienic 

MoljBdeuum  .. 
jlla«pine«  .... 

8 
1« 
IS 
28 
SB 
32 

-48 
48 
4S 
SB 

73 
88 

«a 
flfl 

BC 

se 

100 
1IJ4 
1«8 
ISO 
144 
300 

,1 

IS 
9H 
98 
32 
33 

48 
48 
56 
«0 
13 
£8 
S3 
«n 
«6 

lOO 
10-1 
lOH 
ISO 
144 

10 

15 

B2-S 

S5 
-36 

40 

40 

60 

60 

6<1 

TO 

7& 

90 
110 
113 
ISO 
ISO 
120 
lea 
130 
IJ5 
150 
180 

10  ey 

U-fl' 
83-6  • 
36'5> 
38-6  5 
40-aT  « 
40' 
59  » 
G05 
60- IS  1= 

T3-3" 
89-94 '1 
111-11  >* 
lU'ST  ■» 
ISC 
ISI-Sl" 
18186" 
125 '» 
1S9-5" 
135" 
H9(B  " 
180' 1  <a 
249-68  " 

'  Berzeliiis. 

'  IlPiirj.     Bcrielim  roakes  it  15'77. 

'  Berieliuii. 

•  Diuo. 

"  iioiboir. 

'iJcrzeliHS. 

'  As  deJui^rJbj  Dr.Thomsim. 

'  KlaproUl. 

'  Bei-zelim:, 

'-  Bucliolz  and  Bcrieltni, 

^'  Berzeilus, 

Bisnioth    

■A-""""? 

Cerlan 

UraDiiim 

TunpWn 

Flatlnam 

Mercury   

Lead.  , 

"  DiHo. 

X  Ditto.  Dr.  ThoniionmB^eEiIll?'49. 

"  Hisinpr. 

"  Bucholi. 

"  Berzclius. 

"  onto. 

'»  Fourcrov  and  Thcnnrd. 

^'  Weniel  and  DaTj- 
^  BL-rzElios. 
(a  DUID. 
"  DUlo. 

RhodliuD 

•nianlom 

Gold  , 

Talle  T, — This,  as  well  as  the  other  tables,  will  be  easily  under* 
stood.  In  the  first  column  we  have  the  speciEc  gravities  of  the 
difi^nt  substances  in  a  gaseous  state,  hydrogen  being  .1  :  add  if 
we  suppose  the  volume  to  be  47*21435  cubic  inches,  tbcj  numben 
will  at  the  same  time  represent  the  number  of  grains  ^htch  tbia 
quantity  of  each  gas  will  weigh.  In  the  tliird  column  are  the  cor- 
rected numbers,  the  atom  of  oxygen  being  supposed,  acpording  to 
Dr.  Tiiomson,  Dr.  WoUaston,  &c.  to  be  10:  and  in  tie  fourth, 
the  same,  as  obtained  by  experiment,  are  stated,  to. ihow  hovr 
nearly  they  coincide.  Of  the  individual  substances  mentioned,  I 
have  no'remark  to  make,  except  with  respect  to  iodine,  ^matle  but 
one  experiment  to  ascertain  the  weight  of  the  atom  ofl  this  sub-  , 
stance,  and  therefore  the  results  stated  may  be  justly  considered  ai 
deserving  but  little  confidence  ;  anid  indeed  this  would  b^  the  case, 
did  not  all  the  experiments  of  Gay-Lussac  nearly  c£»acide  in  tlie 
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Table  IT. — ^This  table  exhibits  many  strikiDg  instances  of  the  near 
coTncidence  of  theory  and  experiment.  It  will  be  seen  that  Gay^^- 
Lussac's  views  are  adopted,  or  rather  indeed  anticipated,  as  a  good 
deal  x)f  this  table  was  drawn  up  before  1  had  an  opportunity  of  seeing 
the  latter  part  of  that  chemist's  memoir  on  iodine.  That  table  also 
exhibits  one  or  two  striking  examples  of  the  errors  that  have  arisen 
from  not  clearly  understanding  the  relation  between  the  doctrine  of 
volumes  and  of  atoms.  Thus  ammonia  has  been  stated  to  be  com* 
posed  of  one  atotn  of  azote  and  tliree  of  hydrogen,  whereas  it  is 
evidently  composed  of  one  atom  of  azote  and  only  r5  of  hydrogen^ 
which  are  condensed  into  two  volumes,  equal  therefore  to  one  atom^ 
and  this  is  the  reason  why  this  substance,  like  some  others,  appa* 
rently  combine  in  double  proportions.  * 

Table  i//.-^Tbis  table  likewise  exhibits  some  striking  example^ 
of  the  coincidence  above  noticed.  Indeed^  I  had  c^n  observed 
the  near  approach  to  round  numbers  of  many  of  the  weights  of  the 
atoms,  before  I  was  led  to  investigate  the  subject.  Dr.  Thomson 
appears  also  to  have  made  the  same  remark.  It  is  also  worthy  of 
observation,  that  the  three  magnetic  metals,  as  noticed  by  Dr. 
Thomson,  have  the  same  weight,  which  is  exactly  double  that  of 
azote.  Substances  in  general  of  the  same  weight  apt>)^ar  to  combine 
readily,  and  somewhat  resemble  one  another  in  their  nature. 

On  a  general  review  of  the  tables,  we  may  notice, 

1 .  That  all  the  elementary  numbers,  hydrogen  being  considered 
as  1,  are  divisible  by  4,  except  carbon,  azote,  and  barytium,  and 
these  are  divisible  by  2,  appearing  therefore  to  Indicate  that  they  are 
modified  by  a  higher  number  than  that  of  unity  or  hydrogen.  Is 
the  other  number  16,  or  oxygen?  And  are  all  substances  com- 
pounded of  these  two  elements  ? 

2.  That  oxygen  does  not  appear  to  enter  into  a  compound  in  the 
ratio  of  two  volumes  or  four  atoms. 

3.  That  all  the  gases,  after  having  been  dried  as  much  as  pos* 
sible,  still  contain  water,,  the  quantity  of  which,  supposing  the 
present  views  are  correct,  may  be  ascertained  with  the  greatest 
accuracy. 

Others  might  doubtless  be  mentioned  ;  but  I  submit  the  matter 
for  the  present  to  the  consideration  of  the  chemical  world. 

•'  See  Gay-Lussac*s  memoir  od  iodine,  Annals  of  Plfilosofhtf^  vi,  189* 


ISlS.j  On  the  Absorption  of  the  Gasei^  SSi 


Article  IL 

Olservaiiofis  on  the  Absorption  of  the  Gases  ly  different  BodU^k 

By  Theodore  de  Saussure. 

(CoWc^tidcd/roffr  p.  255.) 

Section  Second. 

simultaneous  absorption  of  different  gases  by  a  singlk 

solid  porous  body. 

The  experiments  hitherto  made  relate  to  the  absorption  of  a 
$ingle  gas  not  mixed  with  any  other.  I  come  now  to  the  more  in- 
tricate problem,  to  examine  whether  when  various  gases  have  been 
absorbed  by  a  porous  solid  body,  their  absorption  corresponds  with 
that  which  takes  place  when  the  gases  are  in  a  separate  state.  I 
bave  made  these  experiments  two  different  ways:  1.  I  put  the  solid 
body  freed  from  air  into  a  mixture  of  two  gases.  2.  I  brought  the 
solid  body  first  in  contact  with  a  single  gas  ;  and  when  it  was  satu- 
rated with  this  gas,  I  transferred  it  into  a  second  gas.  The  eudio* 
metrical  examination  of  the  air  remaining  behind  after  this  second 
absorption  enabled  me  to  know  the  proportion  in  which  both  gase9 
bad  been  absorbed. 

7.  Condensation  of  mixed  Gases  by  Charcoal. 

Messrs.  Rouppe  and  Norden  have  informed  us  (Ann.  de  Cbini^ 
t.  34)  that  when  charcoal,  saturated  at  the  common  temperature 
with  hydrogen,  is  piit  into  oxygen  gas,  water  is  seen  condensing 
Itself  on.  the  sides  of  the  receiver  in  drops,  whereby  heat  is  disen- 
gaged, and  oxygen  gas  absorbed.  The  same  thing  takes  place^ 
q,ccording  to  their  statement,  when  the  experiment  is  reversed,  by 
introducing  charcoal  saturated  with  oxygen  gas  into  hydrogen  gas4 
In  these  assertions,  which  bfive  never  been  contradicted,  there  it 
nothing  contrary  to  the  generally  received  opinions.  It  is  reason** 
able  to  think  that  the  condensation  which  the  gases  experience  in 
the  charcoal  facilitate  the  union  of  their  bases.  It  is  therefore  quite 
contrary  to  my  expectation  that  I  see  myself  obliged  to  call  in  ques-* 
tion  the  statement  .of  these  Dutch  cheniists. 

1  made  my  ei^periments  mih  oxygen  gas,  hydrogen  gas,  azotie^- 
gaSy  and  carbonic  acid  g(i5,  mixed  together  two  and  two.  For  the* 
sake  of  perspicuity,  I  shall  first  state  the  general  results  which  T 
obtained,  and  then  enter  into  more  particular  details,  in  order  to* 
riiow  which  of  the  gases  in  these  experiments  was  absorbed  in  the 
greatest  quantity. 

(A) — When  a  piece  of  charcoal  saturated  wjth  one  of  these  gases 
is  put  into  another,  it  allows  a  portion  pf  t  to  escape,  in^ 

order  to  absorb  into  its  pores  a  portion  of  tl^  u 

^  According  as  the  condensation  of  the  fjk  ^  ^^me^ 
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charcoal  is  greater  or  smaller  than  that  of  the  gas  into  whicli  it  is 
put,  the  atmosphere  surrounding  the  charcoal  is  increased  wheret^ 
cold  is  produced,  or  diminished  whereby  heat  is  disengaged.  We 
fcave  seen,  for  example,  that  charcoal  alisorbs  much  more  carbooic 
acid  gas  than  hydrogen  gas.  When  a  piece  of  charconl  saturated 
with  carbonic  acid  is  put  into  hydrogen  gas,  the  bulk  of  the  gas  in- 
creases very  remarkably,  and  the  charcoal  becomes  colder.  There 
is  absorbed  only  a  very  small  quantity  of  hydrogen  gas  into  the  poret 
of  the  charcoal,  while  a  lar  greater  proportion  of  carbonic  acid  gai 
is  disengaged;  and  this  small  quantity  of  hydrogen  occupies  in  ihe 
pores  of  the  charcoal  exactly  the  same  space  as  the  carbonic  acid 
gas  disengaged  did.  Suppose,  on  the  contrary,  that  a  piece  of 
cliarcoal  saturated  with  hydrogen  gas  is  put  into  a  receiver  filled 
with  carbonic  acid  gas,  the  bulk  of  the  gas  is  diminished,  and  the 
charcoal  becomes  warmer.  A  considerable  proportion  of  carbonip 
acid  gas  is  absorbed  by  the  charcoal,  while  only  a  very  small  quan- 
tity of  hydrogen  gas  is  disengaged ;  and  the  former  occupies  exactly 
the  spxce  whicli  the  latter  left.  Oxygen  gas  (according  to  para- 
graph 1)  is  absorbed  in  greater  proportion  by  charcoal  than  hydrogen 
gas.  These  two  gases,  therefore,  exhibit  the  same  phenomena.  A 
piece  of  charcoal  saturated  with  oxygen  gas  being  put  into  liydrogea 
lets  a  greater  proportion  of  ilie  former  gas  go  than  it  absorbs  of  the 
letter.  Hence  the  bulk  of  the  gas  is  Increased,  and  cold  produced. 
On  ilie  other  hand,  when  charcoal  saturated  with  hydrogen  is  put 
into  o&ygen  gas,  tiie  volume  of  air  is  diminished,  and  heat  pro- 
duced. In  this  way,  from  the  table  ^ven  in  paragraph  1,  of  the 
rate  of  condensalioB  of  the  pure  gases  by  charcoal,  the  consequence 
may  always  be  foretold  in  every  one  of  these  experiments.  The 
absorbed  gas  in  these  cases  separates  itself  from  the  charcoal  pre- 
cisely as  it  does  from  water  impregnated  with  the  gas,  when  that 
liquid  is  placed  in  contact  with  another  species  of  gas. 

(B) — The  volume  of  gas  expelled  from  charcoal  by  another  gat 
varies  according  to  the  proportion  in  which  both  gases  exist  in  the 
vnabsorbcd  residue.  The  quantity  expelled  is  always  the  greater, 
the  more  there  is  an  excess  of  the  gas  whicli  produced  it.  Vet  it  is 
»ot  possible  in  close  vessels  to  expel  the  whole  of  one  gas  out  of 
cliarcoal  by  means  of  another;  a  small  quantity  always  remains  is 
the  charcoal. 

(C) — Two  gases  united  by  absorption  in  chareoal  often  experience 
a  greater  condensation  than  each  would  in  a  separate  state.  For 
example,  tJie  presence  of  oxygen  gas  in  charcoal  facilitates  the  coi;- 
densation  of  hydrogen  gas;  the  presence  of  carbonic  acid  gas,  or 
Bf  azotic  gas,  facilitates  the  condensation  of  oxygen  gas ;  and  that 
of  hydrogen  gas,  the  condensation  of  azotic  gas.  Vet  this  effect 
does  not  take  place  in  all  cases  with  the  four  gases  now  mentioned ; 
ibr  the  presence  of  azotic  gas  in  charcoal  does  not  promote  the  ab- 
sorption of  carbonic  acid  gas. 

(D) — When  the  absorption  of  one  of  the  four  named  gases  ha* 
^een  facilitated  by  another  of  them,  no  perceptible  cembioatioK 
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between  tte  two  takcffplace^  at  least  within  the  interval  of  some 
days*  So,  for  examplej,  notwithstanding  the  assertion  of  Bouppe 
and  Norden>  no  separation  of  water  appears  when  charcoal  satu-^ 
Mt^d  with  hydrogen  at  the  common  temperature  is  put  into  oxygen 
gt^p  or  when  the  experiment  is  reversed.  As  little  was  it  in  my 
|M9wer  in  this  way  to  unite  azotic  and  hydrogen  gases  into  ammonia^ 
far  azotic  and  oxygen  gases  into  nitric  acid. 
D.  I  shall  now  give  a  more  particular  account  of  some  of  these  expe« 
UA^ts,  which  all  gave  me  analogous  results,  differing  from  each 
«ther  only  in  degree. 

.Ittiroductien  of  a  piece  of  Charcoal  saturated  with  Hydrogen  into  m 

Receiver  full  of  Oxygen  Gas. 

A' volume  of  box-wood  charcoal,  which  had  absorbed  V^h  timet 
te  bulk  of  hydrogen,  was  at  the  temperature  of  52^  put  into  20-45 
times  its  bulk  of  oxygen  gas,  which  contained  -^  of  azote.  The 
diarcoal  reduced  this  atmosphere  6*5  volumes.*  A  thermometer 
brought  in  contact  with  the  charcoal,  when  the  absorption  was  at  itr 
greatest  rapidity,  rose  4*4®.  f  This  elevation  of  temperature  is^ 
smaller  than  that  which  is  produced  by  the  absorption  of  oxygen 
gas.  In  vain  did  I  endeavour  in  these  experiments,  and  in  others 
made  with  a  larger  piece  of  charcoal,  to  perceive  some  of  the  water 
which,  according  to  Rouppe  and  Norden,  ought  to  be  formed. 

The  gas  remaining  in  the  receiver  was  no  longer  pure  oxygen  gas, 
but  contained,  when  examined  by  Volta^s  eudiometer,  a  volume  of 
hydrogen  gas.  Oxygen  gas,  at  the  same  time,  had  been  ^absorbed" 
by  the  charcoal,  and  had  driven  off  more  than  the  half  of  the 
'hydrogen  formerly  contained  in  the  charcoal.  Notwithstanding  this^ 
the  gas  in  the  receiver  was  diminished  6^-  volumes.  Hence  the  ' 
charcoal  had  absorbed  64.  +  1  =2  7t  ^^^ro^s  of  oxygen,  and  one 
volume  of  hydrogen  had  been  driven  off. 

It  may  be  asked  now,  whether  these  changes  of  space  ai^in  the 

*  The  change  of  volume  was  ascertained  24  hoars  after  the  charcoal  had  beea. 
put  into  it.  The  receiver  in  which  the  absorption  tooiL  place  was  a  widk  glas» 
t^be,  not  much  larger  than  the  diameter  of  the  charcoal,  the  bulk  of  which  Wat 
«bout  2*5  cubic  centimetres  (0*152  cubic  inch  English). 

f  Rouppe  and  Norden  have  ascribed  this  elevation  of  temperature  to  the  com- 
bination of  the  ozyges  and  the  hydrogen,  and  the  formation  of  water,  of  which^ 
according  to  them,  a  perceptible  quantity  is  evolved.  They  did  net  perceive  that 
thb  heat  was  occasioned  by  the  condensation  of  the  oxygen  gas.  Both  reason  and 
experiment  are  against  the  possibility  of  the  water  being  visible,  even  if  it  were 
fbrmed  ;  for  in  my  erperimentR,  as  well  as  in  those  of  these  chsmists,  the  charcoal, 
ted  absorbed  less  than  twice  its  bulk  of  hydrogen :  now  that,  at  most  could  form* 
Bo  more  water  than  the  five-thousandth  part  of  the  weight  of  the  charcoal.  But 
experiment  informs  us  that  a  well  dried  charcoal,  like  that  which  I  employed  in 
iiy  experiments,  can  absorb  more  than  the  tenth  part  of  its  weight  of  water,  and. 
-^ti  remain  dry,  and  allow  no  perceptible  portion  of  that  liquid  to  es^^pe,  at  tbc£ 
temperature  ofl28*  or  140<*.  Besides,  I  obtained  the  same  result  when  I  operated 
upon  pieces  of  charcoal  ten  or  twelve  times  larger.  The  beat  was  indeed  some- 
what greater ;  but  always  less  than  what  was  generated  by  the  absorptioo  of 
•zygtn  alone  by  the  larae  piece  ef  charcoal. 
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sttmc  proportion  ia  which  the  bulks  stand,  which  the  single  gases 
occupy  in  the  charcoal  ?  According  to  paragraph  I,  one  volume  oF 
box-wiXKi  charcoal  freed  from  air  absorbs  9*2  volumes  of  oxygen' 
and  1'7^  of  hydrogen  gases.  According  to  these  proportions/  7*5 
volumes  of  oxygen  ought  to  have  expelled  I  '42  volumes  of  hydrogen.. 
But  as  the  quantity  expelled  was  only  one  volume,  we  see  that  the 
presence  of  hydrogen  gas  increases  the  condensation  of  oxygen  gas- 
in  charcoal,  which  retains  at  the  same  time  0*75  of  hydrogen  and 
7'5  v(Juraes  of  oxygen  gas.  It  will  be  obvious,  without  my  pointing- 
it  out,  that  the  bulks  0*75  and  7*5  are  by  no  means  in  the  requisite- 
proportion  to  one  another  for  forming  water. 
*  To  follow  out  this  Subject  still  further,  I  put  a  piece  of  charcoal 
saturated  with  the  two  gases  (without  allowing  it  to  come  in  contact 
ijiritli  the  airy  ii>to  a  jar  filled  with  mercury,  and  containing  a  little 
water.  The  charcoal  absorbed  this  water ;  and  in  48  hours  allowed* 
3*11  volumes  of  oxygen  and  0*13  of  hydrogen  gas  to  escape.  Now 
according  to  paragraph  2,  charcoal  which  has  absorbed  9*2  volumes, 
of  oxygen  when  placed  in  contact  with  water  lets  go  3'2  volumes^: 
and  still  therefore  retains  six  volumes.  While  in  the  present  Case,, 
ip  consequence  of  the  presence  of  hydrogen  in  charcoal  of  the  7*5' 
volumes  of  oxygen,  3*il  volumes  are  disengaged  by  the  water,  anci^' 
only  4'39  volumes  remain  behind.  These  two  gases,  therefore,^' 
have  not  united  in  the  proportions  which  constitute  water.  Besides 
this,  I  have  extricated  an  additional  quantity  of  oxygen  and  hy- 
ctrogen  gases  out  of  the  same  charcoal,  1]^  boiling  it  in  water.  It  is- 
true  that  the  temperature  is- not  suflBciently  high  to  expel  the  whole 
of  the  gases:  but  this  is  the  case  likewise  when  only  one  gas  is 
present. 

The  following  experiment,  which  is  the  reverse  of  the  preceding, 
still  further  increases  the  doubts  about  the  formation  of  water  by 
the  union  of  oxygen  and  hydrogen  in  charcoal  at  the  ordinary  tem-^. 
perature  of  the  atmosphere. 

Introduclion  of  a  piece  of  Charcoal  saturated  ivith  Oxygen  into  a 

Receiver  containing  Hydrogen  Gas, 

According  to  Messrs.  Rouppe  and  Norden,  the  appearances  which 
they  describe  take  place  likewise  in  this  case.  There  is  the  same 
diminution  of  the  bulk  of  the  gas  in  the  receiver,  the  temperature, 
of  the  charcoal  increases,  water  is  formed,  which  first  appears  in 
vapour,  and  then  falls  upon  the  sides  of  the  receiver  in  drops.  But 
I  have  obtained  quite  different  results.  The  quantity  of  gas  round 
thd  charcoal  increased,  the  thermometer  sank,  and  no  formation  of 
water  was  perceptible. 

A  volume  of  box- wood  charcoal,  which,  after  exposure  to  a  red 
beat,  had  absorbed  9*2  volumes  of  oxygen  at  the  temperature  of 
62®,  was  put  into  15*6  volumes  of  hydrogen  gas.  The  bulk  of  the 
ga$  increased  3*21  volumes ;  so  that  it  amounted  to  18'Sl  volumes  i 
and  a  thermometer,  which  at  the  beginning  of  the  process  had  been 
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placed  ifi  contact  with  tlie  charcoal,  fell  0'9^.  *  By  a  chemical 
analysis  of  the  gas,  I  found  that  the  receiver  contained  hydrbgea 
and  4*55  volumes  of  oxygen  gas,  which,  subtracted  from  18-81 
▼olumes,  leaves  14*26  volumes  of  hydrogen.  Hence  there  was 
absorbed  by  the  charcoal  15*6  —  14*26  =»  1'34  volume^  of 
hydrogen  gas:  and  this  quantity  had  expelled  4*55  volumes  of 
oxygen  gas. 

As  we  have  seen  above  that  charcoal  free  from  air  absorbs  9*2 
volumes  of  oxygen,  or  1*75  of  hydrogen  gas,  it  is  evident  from  the 
Tate  of  absorption  that  1*34  volume  of  hydrogen  occupies  the  same 
space  in  the  coal  as  7*03  volumes  of  oxygen  gas ;  instead  of  which 
only  4*55  volumes  of  oxygen  gas  were  expelled  by  the  hydrogen. 
In  the  present,  as  well  as  in  the  reverse  experiment,  the  condensa- 
'tion  of  the  hydrogen  gas  was  promoted  by  the  presence  of  the 
oxygen. 

When  the  same  piece  of  charcoal,  containing  1-34  volume  of 
hydrogen  and  4*75  volumes  of  oxygen  gas,  was  put  into  a  receiver 
filled  with  mercury,  and  containing  some  watef,  it  gave  out  0*74 
volume  of  hydrogen  and  0-23  volume  of  oxygen  gas.  But  out  of  a 
piece  of  charcoal  saturated  with  hydrogen  (1*7^  volume)  alone, 
water  disengages  1*1  volume,  and  of  course  0'65  volume  remains 
behind.  Our  ciiarcoal,  on  the  contrary,  saturated  with  both  gases, 
left  only  1-34  —  0'74  =  O'bO  volume  of  hydrogen  l>ehind.  The 
oxygen  gas  present  in  it  prevented  it  from  retaining  the  whole 
hydrogen,  which  it  otherwise  would  have  done.  Tlie  oxygen, 
therefore,  could  not  be  present  in  the  stiite  of  water. 

As  we- have  no  method  of  separating  the  whole  of  ehher  a  single 
gas  or  of  two  gases  absorbed  by  charcoal  without  destroying  it,  I 
cannot  show  decisively  that  a  very  small  quantity  of  water  is  not 
formed  in  these  cases ;  but  all  appearances,  as  we  have  seen,  are 
against  that  supposition.  1.  The  absorption  of  the  oxygen  and 
hydrogen  are  in  quite  different  proportions  from  those  that  form 
water.  2.  The  temperature  sinks  when  the  hydrogen  is  absorbed 
last.  3.  Both  gases  are  driven  off  by  water  in  very  different  pro- 
portions from  what  would  be  requisite  to  form  water. 

I  must  now  observe  that  the  quantities  of  oxygen  and  hydrogen 
gases  which  a  piece  of  charcoal  absorbs,  vary  according  to  the  pro^ 
portions  of  both  which  remain  behind  in  the  receiver,  and  that  both 
of  these  stand  to  each  other  in  a  determinate  ratio.    Thus  when  a 

f)iece  of  charcoal  saturated  with  oxygen  is  put  into  15*6  volumes  of 
lydrogen  gas,  4*55  volumes  of  oxygen  are  disengaged,  in  place  of 
which  1*34  volume  of  hydrogen  is  absorbed.  But  if  the  same 
charcoal  be  put  into  1 1  volumes  of  hydrogen  gas,  only  3*12  volumes 
of  oxygen  is  evolved,  and  0*76  volume  of  hydrogen  absorbed.  The 
residual  gas  in  this  case  contains  a  greater  proportion  of  oxygen  thaa 

*  The  charcoal  had  nearly  the  same  bulk  as  in  the  precediD)^  experimeot. .  If 
larger  pieces  be  employed,  the  change  of  temperature  is  more  reroarkr 
the  experintents  are  made  more  easily,  and  with  mort  accuracy,  witl^ 
tioDs  of  gas,  and  small  pieces  of  charcoal. 
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In  the  Tormer.  This  free  communication  between  the  gases  in  the 
citarcoal,  imd  those  surrounding  it,  is  a  proof  that  the  gas§s  mixed 
in  the  charcoal  do  not  fortn  any  lasting  combination,  as  would  be 
the  case  if  water  were  formed ;  but  that,  in  consequence  of  their 
mutual  contact  in  tlie  charcoal,  they  are  merely  a  little  condensed. 

If  charcoal  free  from  air,  but  drenched  in  water,  be  brought  is 
contact  with  osygen  gas,  carbonic  acid  gas,  or  azotic  gas,  these 
gases,  while  they  penetrate  into  its  pores,  drive  out  a  portion  of  the 
tvater.  It  is  to  be  presumed  that  Messrs.  Rouppe  and  Nordcn  took 
this  disengaged  water  for  new  formed  water.  This  is  the  more  pro- 
bable, as  in  their  experiments  the  gases  stood  over  water,  of  wliicli 
the  charcoal,  while  it  absorbed  the  gases,  must  have  imbibed  a 
certain  uortion. 

I  pass  over  the  detail  of  the  experiments  wliicli  I  made  respecting 
the  mutual  expulsion  of  gases  from  charcoal  with  hydrogen  and 
azotic  gases,  oxygen  and  azotic  gases,  and  oxygen  and  carbonic 
acid  gases.  They  were  made  witb  the  same  care  as  those  with 
oxygen  and  hydrogen  gases;  and  they  furnished  similar  results,  wiib 
the  exception  that  azotic  and  carbonic  acid  gases,  when  in  contact 
in  charcoal,  do  not  appear  to  increase  the  condensation  of  each 
other.  In  all  other  respects,  as  may  be  easily  conceived,  these 
mutual  expulsions  are  so  much  the  more  conspicuous,  the  greater 
the  dilFcrence  of  condensation  is  whicti  both  gases  undergo  when 
absorbed  by  cliarcoal.  Hence  it  is  very  striking  when  the  gases  are 
hydrogen  and  carbonic  acid;  and  most  of  all,  when  they  are  am- 
monia and  hydrogen. 

From  this  r.ction  of  the  gases  on  each  other,  wliich  espel  each 
other  from  a  porous  body,  it  is  evident  lliat  a  porous  body  which  has 
saturated  itself  with  atmospherical  air,  and  which  is  put  into  a  gas 
without  being  deprived  of  air,  mHy  either  increase  or  diminish  the 
volume  of  that  gas,  according  as  it  is  absorbed  in  greater  or  smaller 
quantity  than  common  air.  In  like  manner,  a  piece  of  charcoal  or 
of  meerschaum  saturated  with  common  air  will  perceptibly  diminish 
a  given  volume  of  carlionic  acid,  and  increase  that  of  hydrogen  gas, 
in  which  it  is  put.  It  is  highly  probable  that  the  odorifeious  vapours 
of  bodies  rendered  evident  by  moist  air,  and  likewise  the  smells  of 
fiowers,  depend  upon  such  mutual  expulsions  of  gaseous  bodies. 

If  a  piece  of  cliarcoal  free  from  air  be  put  into  a  mixture  of 
oxygen  and  hydrogen  gases,  an  absorption  takes  place,  which  liolda 
the  same  proportion  with  respect  to  the  two  gases  as  when  the  char- 
coal is  first  saturated  with  the  one,  and  then  placed  In  the  other.  I 
placed,  fur  example,  a  piece  of  box-wood  charcoal  free  from  air 
into  Ifi  volumes  of  a  mixture  containing  -J  oxygen  and  |-  hydrogen 
gases ;  so  that  both  gases  were  in  the  proportions  requisite  for  the 
formation  of  water.  Of  this  mixture,  very  nearly  three  volumes  of 
oxygen  and  one  volume  of  hydrogen  were  absorbed.  This  result 
corresponds  very  well  with  the  proportion  of  single  gases  that  would 
have  been  absorbed,  and  likewise  ihe  pelative  proportion  in  whicS 
tfiey  were  mixed  l>efore  absorption. 
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When  a  piece  of  box-wood  or  beech  charcoal  free  from  air  is 
exposed  to  common  air,  it  absorbs  more  oxygen  than  azote,  so  that 
the  air  is  injured  by  it ;  but  not  much,  as  the  difference  between  the 

rmtity  of  these  gases  absorbed  by  charcoal  is  not  great.  Hence 
t  this  consequence,  which  Messrs.  Rouppe  and  Borden  deny, 
in^y  take  place,  the  volume  of  residual  air,  in  comparison  of  that  of 
tlie  charcoal,  must  be  small. 

•  8.  Simultaneous  Absorption  of  various  Gases  by  different  Bodies. 

In  general  all  porous  bodies  exhibit  the  same  appearances  in 
fespect  to  the  mutual  expulsion  and  condensation  of  the  gases 
coming  in  contact  with  them  as  charcoal  does.  Yet  these  expul- 
sions may  take  place  in  an  opposite  order  when  the  affinity  of  the 
body  for  the  gases  is  different.  In  this  respect  the  results  are 
Striking  which  meerschaum^  ligniform  asbestusy  adhesive  slate  of 
Mesnil  Montant,  and  S&xon  hyarophmiey  give  when  they  are  brought 
in  contact  with  mixtures  of  carbonic  acid  ^  or  ammoniacal  gas  with 
6xygen,  hydrogen,  or  azotic  gas.  A  mixture  of  the  two  or  three 
ItBl  gases  requires  more  attention,  and  the  consequence  is  not 
always  perceptible.  As  in  these  experiments  it  appears  of  no  con- 
sequence whether  the  porous  body  be  first  saturated  with  one  gas, 
and  then  put  into  the  otner  j  or  whether  it  be  put  into  a  mixture  of 
the  two  gases ;  I  shall  describe  here  only  the  results  which  I  ob- 
tained in  the  last  way,  as  it  is  the  shortest.  The  experiments  were 
made  ib  temperatures  between  59^  and  62^.  The  same  pieces  were 
employed  in  all  of  them ;  and  each  porous  body  was  allowed  to 
remain  24  hours  in  the  mixture  before  the  residual  gas  was  exa- 
mined. 

Meerschaum  in  a  mixture  of  Oxygen  and  Hydrogen  Gases. 

A  volume  of  meerschiium  freed  from  air  was  put  into  24-  volumes . 
of  gas,  one  half  of  which  was  oxygen,  and  the  other  hydrogen.  It 
absorbed  0*57  volume  of  oxygen  and  0*44  of  hydfogen;  therefore 
more  of  the  first  than  of  the  last.  This  is  conformable  to  the  order 
of  absorption  of  the  gases  when  not  mixed.  When  we  compare  the 
Inilk  which  both  gases  occupy  in  the  meerschaum,  with  the  sum  of 
their  bulks  when  single,  we  perceive  that  the  presence  of  the  oxygen 
haspromoted  the  coqdensation  of  the  hydrogen  gas, 

Tne  same  experiment  was  made  with  the  adhesive  slate  of  Menil . 
Montant.    A  volume  of  this  stone  absorbed  0*7  of  the  mixture. 
The  proportion  of  each  gas  absorbed  was  the  same,  though  the . 
stone  absorbs  more  oxygen  gas  when  alone  than  it  does  of  hydrogen 
gas.    The  difference  was  either  too  small  to  be  perceptible,  or  the  . 
presence  of  the  oxygen  had  promoted  the  condensation  of  the. 
hydrogen  to  such  a  degree  as  to  make  its  bulk  equal  to  that  of  th^ 

*  Perhaps  the  small  f  oADtitj  of  carbonic  acid  which  some  porous  stones,  as  the : 
meerschaum  of  Natolia,  contain,  is  only  accidental,  or  what  the  wat^  in  them  ii 
able  to  retain  by  means  of  capillary  attraction. 
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oxygen.     In  the  same  way,  meerschaum  did  not  sensibly  alb 
cvniposition  of  atmospherical  air. 

Meerschaum,  Charvoal,  arid  IVood,  in  a  Mixture  of  equal  Volumes 
of  Axaiic  and  Hydrogen  Gaaes. 

A  volume  of  meerschaum  free  from  air  absorbed,  from  25 
volumes  of  such  a  mixture,  OGl  volume  of  azutc  and  04'2  volume 
of  hydrogen ;  therefore  more  of  the  first  than  of  the  last.  These 
two  gases  seem  to  have  been  rendered  somewhat  denser  by  their 
contact  in  the  stone.  A  volume  of  box-wood  charcoal  free  from  air 
absorbed,  from  \<i  volumes  of  such  a  mixture,  3*5  volumes  of  azote 
and  09  of  hydrogen.  *  A  volume  of  fir-wood  free  from  air  ab- 
sorbedj  from  four  volumes  of  the  mixture,  0'34  volume  hydrogen 
and  0'  L I  azote.  Wood,  then,  produces  just  the  opposite  elfect  upon 
these  gases  that  meerschaum  does ;  yet  the  absorption  of  the  mix- 
ture by  the  wood  agrees  with  its  absorption  of  the  gases  separately. 

All  my  attempts,  in  these  experiments,  and  in  others  which  I  do 
not  mention,  to  detect  the  formation  of  water,  ammonia,  or  nitric 
acid,  were  entirely  abortive.  I  employed  no  other  heat  to  assist  me 
but  what  was  disengaged  by  the  absorption  of  the  gases ;  yet  my 
experiments  were  n&t  sufficiently  varied,  nor  continued  long  enough, 
to  destro}'  all  hopes  of  meeting  with  eases  in  which  such  a  forma- 
tion may  take  place ;  especially  when  we  employ  the  intermediate 
action  of  water,  and  such  absorbing  bodies  as  iiave  a  chemical  afE- 
nity  for  tliese  products.  ^^^1 

Section  Third.  '^^H 

ab50apti0:«  of  trb  gases  bt  liqdids.  ' 

0.  Dalian's  Theory. 

That  all  gases  are  al)sorbed  by  liijuids,  and  that  most  of  them  are 
agun  separated  by  heat  or  tlie  diminution  of  external  pressure,  has 
been  long  known.  We  now  possess  accurate  results  respecting  the 
rate  of  this  absorption.  For  a  set  of  careful  and  regular  experiments 
on  this  subject  we  are  indebted  to  Dr.  Henry,  of  Manchester.  Mr. 
Dalton  has  a  little  altered  some  of  these  results ;  and  by  means  of 
them  lias  contrived  a  theory  which  not  only  explains  the  absorptton 
of  gases  by  water,  but  by  all  other  liquids ;  but  it  is  in  opposition  to 
most  of  t)ie  results  which  I  have  obtained  by  means  of  solid  porous 
bodies. 

According  to  htm,  those  gases  which  separate  from  liquids  when 
the  pressure  of  the  atmosphere  is  removed  are  mereiy  held  in 
mechanical  miion,  and  are  by  no  means  in  chemical  combination 
with  these  liquids.  He  affirms,  further,  that  water,  at  a  medium 
temperature,  and  under  a  medium  pressure  of  the  atmosphere,  can 

*  Id  tbii  ex|ierim«a(  (hF  p;asesand  charcoal  rrniatned  Id  contacl  five  neeh;;  bnl 
Bfler  (he  Grit  Jay  Ihrvninnie  of  the  inixlure  nas  uul  altered  in  ihe  least.  On  im- 
mere'ing  ibc  clinicufti  iu  cold  trkler,  S-56  volume*  of  Kzale  and  0-64  ofhyilroiCR 
were  driYea  oat. 
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only  absorb  gases  according  to  the  following  law.  It  at)sorfas  either 
a  volume  of  the  gas  equal  to  its  own  volume,  as  is  the  case  with 
carbonic  acid^  sulphureted  hydrogen^  and  nitrous  oxide;  or  to  j-  o( 
its  volume,  as  is  the  case  with  olefiant  gas  ;  or  to  ^  of  its  volume^ 
as  is  the  case  with  oxygen  and  nitrous  gas ;  or  to  ^  of  its  volume^ 
as  is  the  case  with  azote,  hydrogen,  and  carbonic  oxide :  so  that  the 
flumes  of  absorbed  gas  in  these  four  divisions  may  be  represented 
by  the  series  (-f)^,  (^)^,  (^)',  (^)',  the  volume  of  water  being  repre- 
sented by  1.*  The  same  law  holds,  according  to  Dalton,  for  all 
liquids  that  are  not  glutinous,  as  for  alcohol,  acids,  and  solutions  of 
salts  in  water ;  though  between  the  solution  and  some  gases  an 
affinity  may  perhaps  exist,  as  between  a  solution  of  an  alkaline 
sulphuret  and  oxygen  gas.  Finally,  he  establishes,  from  some  ex- 
periments of  Dr.  Henry,  that  water  which  has  absorbed  one  gas^ 
and  is  placed  in  contact  with  another,  always  allows  as  much  of  the 
first  to  escape,  and  absorbs,  on  the  contrary,  so  much  of  the  other^ 
that  the  mixture  of  gases,  which  after  this  exchange  remains  behind 
in  the  water,  is  exactly  in  the  same  proportion  as  would  have  been 
produced  by  the  absorption  of  each  of  them  singly  by  the  water^ 
supposing  each  of  the  density  which  it  has  in  the  gaseous  mixture. 
According  to  this,  water  would  absorb,  from  a  mixture  of  two  gases 
in  equal  proportions,  only  one  half  of  the  volume  of  each  which  it 
would  absorb  if  the  gas  were  in  a  separate  state. 
..  The  following  experiments  will  enable  us  to  examine  the  accuracy 
lof  these  propositions. 

10.  Absorption  of  unmixed  Gases  by  different  Liquids* 

I  endeavoured  to  free  the  liquids  which  I  used  in  my  experiments 
from  air  as  completely  as  possible,  by  long  and  violent  boiling. 
Those  which  would  have  been  altered  or  dissipated  by  the  applica* 
tion  of  such  a  heat,  as  oils  and  some  salt  solutions,  were  freed  from 
air  by  means  of  the  air-pump.  Neither  of  these  methods  is  capable 
of  freeing  liquids  completely  from  air ;  and  the  more  volatile  the 
liquid  is,  they  succeed  the  more  imperfectly,  because  they  can  only 
be  exposed  to  a  lower  temperature,  and  the  pressure  of  the  vapour 
which  rises  from  them  undier  the  air-pump  prevents  the  escape  of 
their  air. 

To  produce  a  speedy  and  complete  absorption,  I  put  a  large 
quantity  of  those  gases  which  are  absorbed  only  in  small  quantity 
by  liquids,  as  of  azote,  oxygen,  and  hydrogen,  with  a  small  quantity 
of  the  liquid,  into  a  flask,  which  was  furnished  with  an  excellent 
ground  stopper,  and  agitated  the  flask  for  a  quarter  of  an  houn 
This  is  a  difhcult  method,  and  requires  much  attention. f  With 
respect  to  all  the  gases  of  which  the  liquid  absorbs  more  than  ^  of 

*  According  to  hiu^  100  folumei  of  wnter,  at  the  temperature  of  61'»  absorb 
100  volumes  of  the  iirst  three  gases,  12*5  volumes  of  olti  J*7  of  oxygen 

and  azote^  and  1*56  of  the  last  three  gases. 

f  More  will  be  said  on  thii  subject  in  the  Apptudin 
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its  bulk,  I  proceeded,  on  the  contrary,  in  the  following  tnsnner, 
I  pliiced  them  over  mercury  in  a  tube  four  centimetres  { 1-575  inch) 
of  internal  diameter,  and  let  up  a  column  of  the  absorbing  liquid 
five  or  six  centimetres  (r7''  to  236  inches)  in  length.  The  ab- 
sorption was  promoted  by  agitation,  and  its  quantity  was  not  deter- 
mined till  tlie  gas  and  the  liquid  had  been  in  contact  for  several  days. 
The  following  table  exhibits  the  quantity  of  the  difieretit  gasev 
absorbed,  according  to  these  experiments,  by  water  and  alcohol. 


Snlpbnrans  acid  gaa  ..,, 
SalphiirEted  hydrogen*.. 
Catbooic  acid 

Olefiantgas  

Oiygcopu 

Carbanfi:  oxide    

Oiy-cnrbureled  hydrogtc 

HydrogcD 

A«nle  


I 


h  hundred  volumes  of  water  absorb  about  five  volumes  of  atmo- 
spherical air,  when  the  mass  of  air  is  very  great,  in  comparboa  of 
that  of  the  water. 

From  these  experiments  it  appears,  contrary  to  Dalton's  assertion, 
that  the  absorption  of  gases  by  different,  not  glutinous  liquids,  ai 
water  and  alcohol,  is  very  far  from  being  similar.  The  alcohol,  as 
we  sec,  often  absorbs  twice  as  much  of  them  as  water  does.  In 
gases  which  are  absorbed  in  smalt  quantities,  this  difference  is  not 
so  striking;  because  with  respect  to  them  the  absorptions  of  the 
alcohol  can  be  less  accurately  determined,  on  account  of  the  air 
which  still  remains  in  it  after  being  boiled.  Those  gases  which  are 
absorbed  in  great  quantity  suifer  but  little  opposition  from  this  air. 
In  the  remaining  gases,  its  influence  becomes  the  more  striking  the 
more  nearly  the  absorbability  of  the  gas  and  the  air  approach  to  a 
state  of  cquuJity. 

Tliese  experiments  agree  no  better  with  the  law,  which  Dal  ton 
thinks  he  has  ascertained  in  the  absorption  of  difterent  gases  by  one 
and  the  same  liquid ;  for  1  find  too  great  a  difference  between  the 
quantity  of  carbonic  acid,  sulphureted  hydrogen,  and  nitrous  oxide 
gases,  absorbed  by  the  same  liquids  (which  Dalton  considers  as 
completely  equal),  to  be  able  to  ascribe  it  to  errors  in  the  experi- 
ments. 


□  dF  Gay-Lascac  and  Thenard,  prepared 
if  nnriBIic  acid,  and  in  IbeabinrpiioB  all 


!,  accaiding  to  tbe  diri 
u  kept  out  of  plsj. 
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1 1 .  Influence  of  Chemical  Affinky  on  the  Absorption  of  Gases. 

If  such  an  influence  did  not  exist,  the  gases  would  be  absorbed 
ty  all  liquids  in  the  same  order.  As  I  had  not  perceived  any  distinct 
difference  between  water  and  alcohol  in  this  respect,  I  tried  other 
liquids^  and  I  confined  my  experiments  to  four  gases,  namely,  car- 
bonic acid,  nitrous  oxide,  oletiant  gas^  and  carbonic  oxide.  I  ex- 
cepted oxygen  gas  from  these  experiments,  because  it  forms  perma- 
nent compounds  with  most  of  the  liquids  to  be  employed,  which  are 
not  modified  by  the  pressure  of  the  atmosphere.  Azotic  and 
hydrogen  gas  were  also  excluded,  because  they  are  absorbed  in  such 
small  quantities  that  the  difference  in  the  rate  could  not  be  accu- 
rately ascertained.  The  experiments  were  made  at  the  temperature 
of64-5^ 

A  hundred  volumes  of  rectified  white  and  transparent  native 
liaphtha,  of  the  specific  gravity  0*784,  absorbed 

Volumn. 

Olefiant  gas • 261 

Nitrous  oxide   254 

Carbonic  acid 169 

Carbonic  oxide     • •     20 

A  hundred  volumes  of  fresh  distilled  essential  oil  of  lavender,  of 
the  specific  gravity  0*885  absorbed 

Volames, 

Nitrous  oxide 275 

Olefiant  gas 209 

Carbonic  acid  •  • 191 

Carbonic  oxide    • 15'6 

« 

A  hundred  volumes  of  olive  oil, 

Volumes. 

Carbonic  iicid • • 151 

Nitrous  03$:ide    ^  •*.,••••«.«•.•  •  150 

Oletiant  g^s 122 

Carbonic  oxide •  •     14*2  . 

A  hundred  volumes  of  a  saturated  solution  of  muriate  of  potasli 
in  water^ 

Volumei. 

Carbonic  oxide 61 

Nitrous  oxide • 21 

Olefiant  gas 10 

'     Carbonic  oxide •  • 5^2 

It  follows  from  tliese  experiments,  tl  1s^  as  well  as  in 

solid  bodies,  gr^t  differences  take  plaor  :  in  which  gases 

are  absorbed  by  them,  and  that  in  conn  'ptions  dx% 
always  owing  to  the  influence  of  cbemki 


^42 


Olservalions  on  the  Ahsorpliun  of 


Solid  budies  appear,  under  the  same  circumstances,  to  produce-a 
greater  condensaiiou  of  all  gases  in  the  eontact  of  which  they  are 
placed  thao  liquid  bodies  do.  I  have  met  with  no  liquid  whicli 
absorbs  so  great  a  volume  of  caibunio  acid,  olcfiant  gas,  azotic  gas, 
carbonic  oxide,  and  nitrous  oxide,  as  charcoal  and  meerschaum  do. 
The  difference  is  probably  owing  to  this  circumstance,  tliat  liquids, 
in  consequence  of  the  great  mobility  of  their  pails,  cannot  com- 
press the  gases  so  strongly  us  is  necessary  for  greater  condensatioa ; 
certain  cases  excepted,  where  very  powerful  chemical  affinities 
come  to  their  assistance  ;  as,  for  example,  the  affinity  of  ammonia 
and  muriatic  acid  for  water.  Only  in  these  rare  cases  do  liquids 
condense  a  greater  quantity  of  gases  than  solid  boflies.  *  While  in 
these  last  bodies  the  size  of  the  pores  determines  the  space  occupied 
by  the  absorbed  gas,  the  parts  of  iiqiiid  bodies,  in  consequence  of 
their  separation  from  each  other,  have  a  disjiosition  to  increase  their 
distance,  in  proportion  as  the  gases  aie  absorbed,  f 

12.  Iiifiitence  of  the  Fiscidity  and  of  the  Specific  Gravity  nf  Liquids 
on  their  Ahorplioji  of  Gases. 
In  my  experiments  on  the  influence  of  the  physical  state  of  the 
liquid  upon  its  power  of  alisorbing,  1  have  employed  carbonic  acid 
gas,  which  I  have  placed  in  contact  with  a  great  number  of  liquid*, 
very  di&erent  both  in  their  liquidity  and  in  their  specific  gravity. 
The  following  table  exhibits  the  result  of  these  experiments ;  they 
were  performed  at  the  temperature  of  e2'5°:  and  likewise  the  bulk 
of  carbonic  acid  gas  absorbed  by  one  volume  of  the  different 
liquids : — 


LiqDidB. 

Sp.  Gr. 

Valinneofeu 
alitorbed: 

100  part;  nf  the 

sol  a  ti  an  CDDlain 

0-803 

0  880 
0-800 
O-di 
0-784 
O'ae 
094 
0-915 
i-000 
1-078 
1-OHS 

S-6 

en 

l-SI 

rea 

I'BT 
I-69 

laa 
i-se 

1-51 
1-06 
0-75 
075 

2T-53  crvst.  sa]l 
£5       eJin. 

SulphDricetlier   

Oiinf  lavender 

SpirilofHine 

HeclifipdnajiHia 

OH  or  mrpenliue    .... 

i 

Giim-arabic  

8iil.  sDlulinn, 

•   Acc.irdtng  to  Thnmsno,  wafr  iu  l\ir  mean   fpmper.il  u  re  of  rhn  alTaosphers 

niitcal  %as, 

-f   Water   by  abaorbini;  gases  increases  in   vDlnme,  and  a  perceptible  heat  it 

cynlved,  nhen  the  qaanliiy  absorbed  al  least  equals  the  v>>lumt  of  (he  absorbing 

.  liquid.     Tbe  iprctfic  gravii)  of  a  liquid  saturated   nitbgasig  therefore  on  alter 

Iban  it  an);h(  to  be,  calcalaliag  from  liie  quantity  of  gas  absorbed.  Thomson  drans 

•D  .wgiuueHt  fiuiB  tbis  agaiuit  Ib^  oulDioB  pf  mere  ■oecbafi'eai  peneualiao. 
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Liqoidi. 

■J       ■  " 

Sugar 

Alnm 

Snlpiiate  of  potash. . . . 
Iforiate  of  potash  • .. . 

Soljphate  of  soda 

KItTC 

H itrate  of  soda  ...... 

Sulphuric  acid 

Tartaric  acid    

Conunoo  salt    , 

Bf  nriate  of  lime 


Sp.  Gr. 


M04 

1-047 

1077 

M68 

1105 

MS9 

1206 

1*84 

1-285 

l-^lg 

1-402 


Voluiiie  of  gas 
absorbed. 


0-72 

0-7 

0-62 

0-61 

058 

0-67 

0*45 

0-45 

0-41 

0*329 

0-261 


too  parts  of  the  soIotioD  cantaia 

25  sugar. 

9-14  cr.  al.    Sat.  sol. 
9*42  c.  8.    Sat.  soK 

26  c.  s«    Sat.  sol. 
11*14  •  s.    Sat.  sol. 
20-6  c.  s.    Sat.  sol. 
26*4  c.  8.    Sat.  sol. 

53*87  c.  acid.    Sat.  sol. 
29  s.    Sat.  sol. 

40*2  salt  dried  in  a  red  beat.    Sat. 
sol. 


Influence  of  Viscidity. -^^h^n  a  liquid  body  passes  into  the  state 
of  a  solid  body  quite  filled  with  matter^  or  having  all  its  sensible 
pores  filled  up,  it  loses  the  power  which  it  had  of  absorbing  gas  in 
a  liquid  state.  Viscidity^  therefore^  is  nothing  else  than  a  more  or  less 
complete  transition  from  a  liquid  to  a  solid  state.  It  is  to  be  pre- 
sumed, therefore,  that  the  diflerent  degrees  of  liquidity  will  always 
have  an  obvious  influence  on  the  condensation  of  the  gas.  But  how 
important  soever  this  conclusion  may  be  at  the  limit  between  solidity 
and  liquidity,  it  has  but  very  little  Influence,  according  to  my  ex- 
periments, in  the  middle  states  of  liquids  of  difierent  kinds.  Thus 
we  see  that  the  fat  oils,  though  much  less  liquid,  absorb  a  much 
greater  portion  of  carbonic  acid  than  water.  The  absorption,  like- 
wise, of  carbonic  acid  by  gum  and  sugar  water,  exceeds  in  quantity 
that  produced  by  the  much  more  liquid  solutions  of  sulphate  of  soda 
and  muriate  of  potash.  The  solutions  of  muriate  of  potash,  sal- 
ammoniac,  and  nitre,  possess  as  much,  or  nearly  as  much,  liquidity 
as  pure  water;  yet  this  last  liquid  absorbs  a  much  greater  proportion 
of  carbonic  acid  gas  than  they  do.  On  the  other  hand,  we  find 
likewise  liquids  which  absorb  more  of  this  gas  than  others  possessed 
of  smaller  liquidity ;  as  is  the  case,  for  example,  with  alcohol  aiid 
ether  when  compared  with  water,  and  with  this  liquid  when  com- 
pared with  several  saline  solutions. 

Though  the  influence  of  the  viscidity  of  a  liquid  upon  the  great- 
ness of  its  absorption  appears  to  be  small,  yet  it  is  striking,  as  fer  as 
the  time  is  concerned  which  is  required  that  the  liquid  may  be  fully 
saturated  with  the  gas.  Viscid  liquids,  as  the  fat  oils,  the  solution 
of  muriate  of  lime,  gum-water,  &c.  require,  supposing  their  power 
of  absorbing  the  same,  a  much  longer  time  to  be  saturated  with  a 
gas  than  the  more  perfect  liquids,  such  as  water,  naphtha,  alcohol^ 
ether,  and  the  essential  oils. 

Influtnce  of  Specific  Gravity. — ^The  density  of  liquids  appears  to 
have  a  great  influence  on  their  power  of  abso*  ^,    My  ex- 

periments, as  stated  in  the  preceding  table  ,  ^enl 

•  The  i^i*  »»<%  dried  in  a  ici 


I 


344.  Observations  on  the  Absorption  of 

the  lightest  liquids  possess  a  greater  po^^er  of  absorbipg  gases  thw 
those  tte  specific  gravity  of  which  is  greater.  Scarcely  any  other 
liquids  are  excepted  from  this  rule  but  those  the  spccilic  gravities  of 
which  differ  but  little ;  and  these  exceptions  are,  without  doubt,  the 
consequence  of  peculiar  affiiiilies.* 

ProbiiUly  the  specific  gravity  of  the  gases  themselves  has  an  in- 
fluence on  the  quantity  of  thcni  which  a  liquid  is  capable  of  absorb- 
ing, and  on  tlie  time  requisite  for  that  purpi^e ;  tor  all  gases  which 
are  evidently  heavier  than  aimoEpherical  au-  are  absorbed  m  greater 
quantity  by  water  than  azote,  hydrogen,  oxygen,  and  carbonic 
oxide  :  and  of  two  gases  which  are  absorbed  in  equal  volumes  by  a 
liquid,  the  lighter  requires  a  much  longer  lime  than  the  heavier. 
Thus  naphtlia  absorbs  olefiant  gas  much  mure  slowly  than  it  does 
nitrous  oside. 

13.  Injlaence  of  Barometilcal  Pressure  on  tlie  AbiorpLion  of  Gases 
hij  Liquids, 

Dr.  Henry  caused  carbonic  acid  in  different  states  of  density  to 
be  absorbed  by  water,  and  found  that  in  all  cases  the  liquid  ah- 
sorbed  its  own  bulk  of  the  gas,  whatever  its  density  might  be.  He 
concluded  from  this  that  the  space  which  a  gas  occupies  in  water  ii 
in  the  direct  (inverse?)  ratio  of  the  pressure.  I  have  ascertained 
the  accuracy  of  this  conclusion  by  means  of  the  contrivance  de- 
scriiied  in  paragraph  4,  not  only  with  respect  to  carbonic  acid,  the 
most  absorbable  gas  employed  by  Dr.  Henry,  but  likewise  with  re- 
spect to  sulphurous  acid  gas,  the  absorption  of  which  is  nearly  50 
times  greater.  A  volume  of  water  which,  under  a  barometrical 
pressure  of  28'74  inches,  and  at  the  temperature  of  62-^°,  absorbed 
44  times  its  bulk  of  sulphurous  acid  gas,  still  absorbed  the  same 
volume  of  that  gas  when  the  barometrical  pressure  was  reduced  to 
14"33  inches,  while  the  temperature  continued  the  same.  Oil  of 
lavender,  under  a  barometrical  pressure  of  6'89  inches,  absorbed 
l-'J  volume  of  carbonic  acid:  it  absorbed  the  same  bulk  when  the 
haiometrical  pressure  was  28*74  inches.  Ohve  oil  gave  the  same 
results  with  carbonic  acid  gas  under  different  degrees  of  barometrical 
pressure.     Probably  the  same  law  holds  with  respect  to  all  liquids. 

It  deserves  attention  that  in  liquids  the  quantities  of  gases  ab- 
sorbed are  as  the  compressions ;  while  in  solid  bodies,  as  the  gases 
become  less  dense,  the  absorption  seems  to  increase. 


in  Ibal  in  pneamatic  expirinicDts,  wbeii  it  U  uur  o 
I  of  grrai  quantiiin  of  utrbnaic  acid,  or  any  olhc 
'ill  be  Brlvantogpoui  to  emplo;  baline  saluliotii,  . 
miDOa  gall,  which  diOera  nnsl  from  pure  water  of 
^Dinmon  noi  salt  will  answer  >till  liFller  than  [lurE  n 
a.biuit\a  not  i;ulio  the  third  of  its  bulk  of  carbon: 
a.  far  losger  lioie  thun  pure  watei  doa  to  absorb  it 
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14.  Simultaneous  Absorption  of  several  Gases  by  Water. 

Probably  the  absorption  of  different  gases  at  the  same  time  by 
liquids  is  analogous  to  what  I  observed  with  respect  to  solid  bodies* 
Henry,  Dalton,  Von  Humboldt,  and  Gay-Lussac,  had  already  re- 
marked that  water  saturated  with  one  gas  allows  a  portion  of  that 
gas  to  escape  as  soon  as  it  comes  in  contact  with  another  gas.  It  is 
indeed  evident,  according  to  Dalton's  theory,  that  two  gases  ab- 
torbed  into  a  liquid  should  really  always  occupy  the  same  room  as 
they  would  occupy  if  each  of  them  had  been  absorbed  singly  at  the 
degree  of  olensity  which  it  has  in  the  mixture.  To  obtain  results 
on  this  subject  approaching  to  accuracy,  I  was  obliged  to  make  mix- 
tures of  carbonic  acid  with  oxygen,  hydrogen,  and  azotic  gases ; 
for  the  last  three  gases  are  absorbed  by  water  in  so  small  a  propor- 
tion, that  the  different  condensations  which  take  place  cannot  be 
confounded  with  errors  in  the  experiments.  ^ 

Water  and  a  Mixture  of  equal  Measures  of  Carbonic  Acid  and 
Uydrosen  Gas. — ^1  brought  100  measures  of  water,  at  the  tempera- 
ture of  62^^,  in  contact  with  434  measures  of  equal  volumes  of 
earbonic  acid  and  hydrogen.  The  absorption  amounted  to  47*5 
volumes,  of  which  44  were  carbonic  acid,  and  3*5  hydrogen.  If  we 
eompare,  in  the  same  way  as  we  did  with  the  charcoal  in  para- 
gragh  7^  the  space  which  the  absorbed  gases  occupy  in  the  water^ 
with  that  which  they  would  occupy  according  to  paragraph  10,  we 
find  that  the  presence  of  one  of  the  gases  has  favoured  the  absorp- 
tion of  the  other,  as  far  as  the  relative  space  goes  which  each  would 
4)ccupy  separately  in  the  water. 

Water  and  a  Mitcture  of  equal  Parts  of  Carbonic  Acid  and 
Oxygen  Ga^.— 100  volumes  of  water  at  62^®  absorbed  from  S90 
volumes  of  this  mixture  52*1  volumes,  of  which  47*1  volumes  were 
carbonic  acid  and  five  volumes  oxygen  gas.  Here  also  the  condeu* 
sation  is  greater  than  when  the  gases  are  separate. 

Water  and  a  Mixture  of  Carbonic  Acid  and  Azotic  Gas. — 100 
volumes  of  water  absorbed,  from  357*6  volumes  of  this  mixture,  at 
the  same  temperature,  47*2  volumes,  of  which  43*9  volumes  were 
carbonic  acid  and  3*3  azote. 

The  results  of  these  experiments,  as  we  perceive,  agree  com- 
pletely with  each  other  5  f   but  none  of  them  correspond  with 

•  Von  Humboldt  and  Gia3r-Lu8sac  have  found  that  when  they  left  a  mixture  of 
exygen  and  hydrogen  gas  standing  over  water  in  a  receiver,  the  absorption  of  Ihe 
hydrogen  was  far  greater  than  it  would  have  been  bad  it  not  been  for  the  presence 
of  the  oxygen  gas.  1  believe  that  this  remarltable  result  was  owing  to  the  filtering 
of  the  hydrogen  through  the  water  into  the  external  air,  hastened  by  the  action  of 
the  oxygen  gas,  or  any  other  more  absorbable  gas  ;  for  according  to  my  experi* 
ments  pure  water  in  vessels  standing  over  mercury  always  absorbs  from  mixturrt 
of  oxygen  and  hydrogen  a  smaller  absolute  volume  of  the  last  than  of  pure 
hydrogen,  in  proportion  to  the  space  which  the  oxygen  occupies  in  the  waten 
However,  it  is  nut  the  less  probable  that  both  gases  unAen  ^  iocreu&e  o^ 

density  from  their  mutual  contact. 

t  Carbonic  acid  does  not  appear  to  favour  the  absorpt  charcoal. 

The  contrary  seems  to  be  the  case  in  water.  Yet  I  caiui«b«  '^  4^«(m 


I 

I 
I 


"34^  Obiervaliom  on  the  'Aliorptiim  of 

Daltoii's  theory,  according  to  which  the  volume  of  carbonic  aciil 
absorbed  should  be  just  one  lialf  that  of  the  absorhing  liquid,  and 
-  liltcwise  ihc  volumes  of  tlie  other  gases  absorbed  should  be  much 
smaller  than  I  found  them  to  be. 

If  oxygen  and  hydrogen  gases,  mixed  in  the  proportions  necessary 
for  forming  water,  were  capable,  by  the  increase  of  density  pro- 
duced in  them  by  the  liquid,  of  combining  and  constituting  water, 
their  absorption  could  not  be  determined.  But  we  are  able  by 
strong  agitation  to  bring  the  absorption  of  these  gases  by  water  to  s 
conclusion  in  a  few  minutes,  so  that  it  shall  not  be  increased  by 
continuing  the  agitation  much  longer.  In  my  trials  it  did  ixit 
esceed  5^  hundred  parts  of  the  volume  of  the  liquid. 

We  obtain  similar  results  with  the  gaseous  constituents  of  atnmonia 
and  nitric  acid.  Even  the  addition  of  an  alkali  or  an  acid  to  the 
■water  is  not  capable  of  making  the  gases  combine.  But  we  do  not 
yet  know  the  effect  which  would  be  produced  by  a  contact  of  several 
mouths  or  years  between  these  gases  and  the  liquid.  As  little  are 
we  aware  of  the  effect  of  atmospherical  influence  upon  common  air 
in  a  state  of  liberty.  Perhaps  the  experiments  which  I  have  related 
in  this  paper  may  throw  some  light  on  the  subject.  They  show  that 
the  absorption  of  gases  depends  partly  upon  the  physical  propertieB, 
and  |)artly  upon  the  chemical  affinities,  of  the  bodies  in  contact,  and 
penetrating  each  other;  and  that  in  this  respect  solid  bodies  and 
liquids  are  in  general  subjected  to  the  same  law. 

Appendix. 

Method  of  uniting  with  Water  those  Gases  which  are  ahorled  only 
hi  small  Quantity. 

As  the  quantity  of  gases  absorbed  by  water,  according  to  my  ex- 
ficriments,  often  differs  from  tJiat  obtained  by  Henry  and  Dalion,  I 
think  it  necessary  to  state  the  degree  of  care  which  I  took  to  make 
my  experiments  as  accurate  as  possible.  The  description  of  these 
artifices,  however,  can  only  interest  those  who  wish  to  repeat  the 
e.tperimeots. 

1.  In  order  to  free  the  water  from  air,  1  employed  the  following 
method.  A  small  flask  was  filled  with  distilled  water,  and  placed 
open  under  water  in  a  bason,  filled  with  that  liquid,  and  the  whole 
water  was  kept  lioiling  violently  for  at  IcRst  three  hours.  That  the 
water  had  been  freed  from  its  air  as  completely  as  possible  *  this 
way,  I  bnew  by  bending  down  the  flask  during  the  boiling,  and 

cnce,  aitbe  whole  depend!  apnd  eslimatlng  Ij hundred  parts  of  azote,  wbieb  are 
within  tbe  limits  of  errors  in  (lie  eipcrimeiiiB. 

•  ll  dues  nolappfar  possililc  lo  deprive  water  of  (he  whole  of  its  air  by  long 
candaned  bnllin); ;  fer  when  (lie  goiall  flask,  in  (be  eiperimenls  described  in  the 
text,  wan  filled  nith  ilsilupper  under  tbe  boilioi;  naler,  a  email  space  was  left  in 
It  empty,  in  eonsequenEe  of  tbe  contraclion  of  the  water  by  roDlint;,  When  the 
Saik  was  nprued  under  niercurj,  an«r  Blandlng  for  some  days  over  Ihat  liquid, 
this  empty  space  did  not  completely  ,disa)>pear  by  tbe  rushing  in  of  tbe  mercurif. 
lall  ait  bnhble  always  remained,  which  was  speedily  abiOrbed.  TMl  tit 
.-.    1..  ■ .  -iiyi.^gjf  i„  iicohoVaod  ether  than  io  water. 
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Srceiving  that  no  more  air  collected  in  it.   .It  was  then  completely 
led,  shut  with  a  glass  stopper  under  the  Unling  water^  and  placed 
inverted  over  mercury. 

2.  I  filled  over  the  pneumatic  water-trough  a  flask>  M,  capable 
of  holding  250  cubic  centimetres,  with  the  gas  to  be  absorbed,  held 
jLt  inverted  for  half  an  hour  under  the  water  of  the  trough,  that  it 
night  acquire  the  same  temperature  with  this  liquid,  which  ought 
to  be  nearly  that  of  the  atmospherical  air.  I  then  shut  its  mouth 
ymder  the  surface  of  the  water  with  a  glass  stopper.  This  stepper 
must  be  carefully  wiped,  that  no  air  bubbles  be  left  on  it ;  and  it 
ought  to  be  conical,  that  it  o^ay  not  compress  the  gas  when  intro- 
duced. The  weight  of  this  flask  empty  and  full  of  water  was  accu- 
rately determined. 

v3.  From  this  flask  I  poured  over  the  mercurial  trough  about  the 
sixth  part  of  the  gas  into  a  receiver  filled  with  mercury.  This  por- 
tion of  gas  was  then  poured  over  the  water  trough  into  a  flask,  N, 
filled  with  water.  This  flask,  being  weighed  before  and  after  the 
introduction  of  the  gas,  gave  the  volume  of  th'is  last.  This  volume 
being  abstracted  from  that  in  the  flask  M  originally,  gave  the  quan- 
tity of  gas  still  remaining  in  that  flask. 

4.  I  now  opened  under  mercury  an  inverted  flask  full  of  well 
boiled  water,  and  poured  as  much  of  this  water  through  the  mer- 
isury  into  the  flask,  M,  as  expelled  all  the  mercury  which  had  been 
introduced  into  it  by  the  third  operation.  The  flask,  M,  was  now 
shut  at  the  surface  of  the  mercury,  and  weighed.  This  gave  the 
Tolume  of  water  introduced  into  the  flask. 

5.  The  gas  with  the  water  was  now  strongly  agitated  for  15 
minutes,  while  the  flask,  M,  was  held  by  a  pair  of  pincers,  to  prevent 
the  introduction  of  any  heat  from  the  hand.  It  was  then  plunged 
under  the  water  of  the  trough,  to  bring  it  exactly  to  its  original 
temperature,  opened  in  an  inverted  position,  and  shut  sigaiu  under 
water.  Now  the  water  which  occupied  the  place  of  the  absorbed 
gas,  and  the  difference  between  the  weight  of  the  flask,  M,  now  and 
when  it  was  full  of  water,  enabled  me  to  know  the  volume  of  gaif 
absorbed. 
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An  Analysis  of  the  Mineral  Waters  of  Dunblane  and  Pitcaithly  ; 
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III. — OBSERVATIONS  ON  THE  COMPOSITION  AV  flulLINfi  MINE«At 

WATERS. 

It  is  a  question  not  unequivocally  del  I  perhaps  not 

capable  of  being  determinedj  in  what  Mb  ^m^\^^1 
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R  mineral  water  exist — wiietlier  the  acids  and  bases  are  In  tli«*c 
binary  combinations  which  constitute  the  difierent  nrutral  salts,  or 
Tvheiher  ihey  exist  in  simuliaiieous  cenibination,  tlie  wliole  acids 
bein^r  neutralized  bj-  the  whole  bases.  If  the  former,  which  is  the 
taove  common,  ami  {>erhaps  the  more  prot>able  opinion,  be  adopted, 
it  is  at  Lea;t  certain  that  the  state  of  combination  may  be  modified 
by  llie  unalytic  opei-ations,  and  that  the  binary  combinations  ob- 
tained by  these  may  not  be  precisely  those  which  enisled  in  the 
water.  In  the  case  of  the  Dunblane  waier,  for  example,  the  in- 
gredients obtained  are  muriate  of  soda,  muriate  of  lime,  and  sul- 
phate of  lime.  Now  it  is  possible  that  the  sulphate  of  lime  may  be 
a  product  of  the  operatioii,  not  an  original  ingredient.  The  sul- 
phuric acid  may  exist  rather  in  the  state  of  sulphate  of  soda,  and 
when,  in  the  progress  of  the  evaponition,  the  liquor  becomes  con- 
centrated, this  salt  may  act  on  a  portion  of  the  muriate  of  lime, 
snd  by  mutual  decomposition  form  corresponding  portions  of  mu- 
riate of  soda  and  sulphate  of  lime. 

A  qneslion  of  this  kind  is  not  merely  one  of  speculation,  but  the 
solution  of  it  may  sometimes  throw  light  on  the  properties  of  mine- 
ral waters,  particularly  on  their  powers  of  affecting  the  living 
system.  Ttie  present  affords  a  very  good  example  of  this.  Sulphate 
of  Itine  is  a  substance  apparently  inert.  If  it  exi^t,  therefore,  as 
fluch  in  the  water,  it  can  contribute  nothing  to  il9  efficacy.  But  io 
»he  other  slate  of  combination  which  is  supposed,  both  the  quantity 
of  the  muriate  of  lime,  the  more  actEve  Ingredient,  will  be  greater, 
and  the  presence  of  sulphate  of  soda  will  in  pact  account  for  the 
pui^tive  operation  which  the  water  exerts. 

There  is  no  very  direct,  and  perliaps  no  decisive,  experiment  by 
which  ihis  question  may  be  determined  ;  for  any  method  which 
would  cause  the  separation  of  ckher  substance  as  a  binary  com- 
pouod,  may  also  be  conceived  to  operate  by  causing  its  /orma/jon. 
Thus,  though  sulphate  of  lirae  is  obtained  by  evaporation,  this  is 
no  proof  of  its  prior  esisteuce,  since  the  concentration  of  the  solu- 
tion might  equally  cause  its  formation,  by  favouring  the  action  of 
the  sulphate  of  soda,  if  it  exist,  on  the  muriate  of  hmc.  lis  sepa- 
ration by  a  precipitant,  by  alcohol  for  example,  even  if  it  were  ob- 
tained, is  liable  to  the  same  ambiguity ;  a  certain  degree  of  concen- 
tration of  the  watery  solution  would  be  necessary  for  the  effect,  and 
the  further  operation  of  the  alcohol  might  be  precisely  on  the  same 
principle — diminishing  the  solvent  power  of  the  water,  and  thus 
aiding  the  force  of  cohesion,  in  determining  the  combination  of  the 
ingredients  which  form  the  least  soluble  compound.  If  a  different 
mode  of  analysis>.were  had  recourse  to,  if  the  whole  lime,  tor  ex- 
ample, were  precipitated  by  any  re-agent,  there  would  still  remain 
the  uncertainly  with  what  it  had  been  combined,  whether  entirely 
with  muriatic,  or  partly  with  sulphuric  acid  ;  and  there  is  no  mode 
of  determining  ihls,  by  obtaining  the  other  product  of  the  action  of 
the  re-agent,  which  would  not  be  liable  to  equal  ambiguity  ;  or,  if 
the,  euJphuric  acid  were  abstracted  by  a  te-agent,   there  woi^h^ 
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equally  be  the  uncertainty^  whether  it  had  been  previously  com* 
bined  with  soda  or  lime. 

If  sulphate  of  lime  did  not  separate  when  the  water  was  reduced 
bv  evaporation  so  far  that,  from  tne  known  solubility  of  the  sulphate^ 
tfie  precipitation  of  it  ought  tp  take  place  to  a  certain  extent,  it 
might  be  concluded  that  it  did  not  exist.  Yet  even  this  conclusion, 
were  the  fact  found  to  be  so  (which  it  is  on  making  the  experi- 
ment), is  invalidated  by  the  result,  sufficiently  established,  that 
salts,  by  their  mutual  action,  often  increase  the  solubility  of  each 
other,  and  the  sulphate  of  lime  might,  from  this  cause,  be  retained 
dissolved  in  a  smaller  quantity  thau  it  would  require  by  itself  for 
its  solution. 

One  kind  of  proof  may  be  given,  that  of  sliowing  that  a  much 
larger  quantity  of  sulphate  of  soda  than  what  analysis  indicates  in 
this  water  may  exist  in  it,  without  any  precipitation  of  sulphate  of 
lime.  I  added  to  diflTerent  portions  of  the  water  (four  ounces  each) 
5,  10,  15,  20,  and  30,  grains  of  sulphate  of  soda.  In  none  of  the 
experiments  was  there  any  immediate  effect ;  and  even  after  24 
hours,  there  was  no  turbid  appearance,  or  apparent  change.  la 
the  greater  number  of  these  proportions,  the  quantity  of  sulphate 
<X  soda  was  more  than  sufficient  to  convert  the  whole  muriate  of 
lime  in  the  water  into  sulphate ;  and,  according  to  the  known  solu- 
bility of  this  sulphate,  the  quantity  of  water  was  not  sufficient  to 
retain  it  all  dissolved.  This  quantity  was  even  reduced  to  a  certaia 
eftent  by  evaporation,  without  any  precipitation.  The  result  seema 
tberefor»  to  prove,  that  sulphate  of  lime  had  not  been  formed,  and 
that  sulphate  of  soda  may  exist  with  muriate  of  lime  in  solution 
without  decomposition,  in  the  state  of  dilution  which  this  mineral 
water  affords. 

Another  result  which  I  obtained,  and  which  so  far  favours  tlie 
opinion  that  the  sulphate  of  lime  is  formed  in  the  progress  of  the 
evaporation  by  the  reciprocal  action  of  sulphate  of  soda  and  muriaite 
of  lime,  is,  that  when  a  small  portion  of  sulphate  of  soda  has  beea 
added,  the  quantity  of  sulphate  of  lime  obtained  is  increased :  when 
10  grains,  for  example,  of  crystallized  sulphate  of  soda  were  added 
to  a  pint  of  the  water,  after  evaporation  to  dryness,  four  grains  of 
•ulphate  of  lime,  which  is  double  the  proportion  that  the  water 
would  otherwise  have  yielded^  were  obtained — affording  a  proof  that 
when  sulphate  of  soda  is  dissolved  in  the  water,  it, produces,  in  the 
progress  of  the  evaporattion,  a  corresponding  portion  of  sulphate  of 
lime,  and  of  course  also  of  muriate  of  soda. 

These  results  do  not  absolutely  establish  the  conclusion,  that  the 
sulphuric  acid  exists  in  this  water  in  the  state  of  sulphate  of  soda ; 
yet  on  the  whole  this  is  the  more  probable  opinion.  lH  it  be  ad- 
mitted, the  preceding  statement  of  the  ingredients,  and  their  pro-^ 
portions,  must  be  altered.  The  sulphate  of  lime  is  of  course  to  be 
omitted.  The.  sulphate  of  soda,  which  is  to  be  substituted  for  it. 
canpot  be  obtained  by  any  method  ;  but  the  quantity  of  it  ai 
inferred^^  from  the  quantity  of  sulphate  of  lime  which  is  fovg 
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its  action  on  tlie  muriate  of  lime.  Real  sulphate  of  lime  and  real 
sulphate  of  soda  are  very  nearly  equivalent  to  each  other  with  regard 
to  the  proportions  of  their  acid  and  base ;  so  that  the  quantity  gf 
the  one  may  nearly  be  substituted  for  that  of  the  other  ;  3*5  of  sul- 
phate of  lime  being  equal  to  37  of  sulphate  of  soda.  But  this 
sulphate  of  lime  is  formed  at  the  expense  of  n  portion  of  muriate 
of  lime,  and  its  formation  is  aceompanied  with  the  production  of  a 
little  muriate  of  soda ;  hence  the  proportion  of  the  former  oiust  be 
a  little  larger,  and  that  of  the  latter  a  little  smaller,  than  have  been 
before  stated,  3"5  grains  of  sulphate  of  lime  are  equivalent  to  2"9 
of  muriate  of  lime,  which  quantity,  therefore,  is  to  be  added  to 
the  proportion  above  assigned.  The  equivalent  portion  of  muriate 
of  soda  to  be  subtracted  is  3.  T\\c  whole  proportion,  therefore,  wHl 
be  the  following : — 


Muriate  of  soda 21 

Muriate  of  lime 20-& 

Sulphate  of  soda 3*7 

Carbonate  of  lime     0'5 

Oxideofiron O-l? 

46-17 
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^f  Tiie  quantity  of  sulphate  of  lime  obtained  in  the  analysis  of  tbc 

Pitcaithly  water  being  so  much  smaller  than  that  in  the  Dunblane, 
it  may  perhaps  be  considered  as  an  original  ingredient ;  or  if  even 
the  opposite  view  he  adopted,  the  change  in  the  proportions,  as  in- 

Idicated  by  the  analysis,  is  much  less.     They  may  be  stated^^n 
follows :—  f^M 

Grai..  ^m 
Muriate  of  soda 1 2-'7  ,^^^H 
Muriate  of  lime 20-2  '^^^| 
Sulphate  of  soda 0-9  ^^H 
Carbonate  of  lime 0'5       '  ^^^| 

The  carbonate  of  lime  contained  in  both  waters  may,  if  is  ob- 
vious, according  to  the  same  view,  be  a  product  of  the  operation, 
and  may  exist  in  the  water  in  the  slate  of  carbonate  of  soda.  Yet 
the  quantity  Is  so  small,  and  carbonate  of  lime  is  so  generally  dif- 
fused in  the  mineral  kijigdom,  thai  it  may  perhaps  be  regarded  as 
an  original  ingredient.  On  the  other  hand,  if  seems  to  be  nearly 
insoluble  in  water,  ftnd  this  favours  the  supposition  that  it  is  a  pro- 
duct of  the  analysis.  It  is  unquestionably  so  in  the  mineral  waters, 
in  which  it  has  been  stated  to  exist  iti  much  larger  quantity,  and  in 
which  there  is  not,  at  the  same  time,  any  excess  of  carbonic  acid, 
by  which  it  might  be  retained  dissolved. 

The  view  of  the  constitution  of  this  mineral  water  which  I  have 

now  explained,  suggested  a  method  of  analysis  which  I  may  state, 

_         ijoth  as  it  accords  with,  and  in  some  measure  confirms  it,  and  'Hiw- 

L  1 
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taites  some  circomstances  connected  with  the  mutual  action  of  the 
sulphate  of  soda,  and  muriate  of  lime,  to  which  I  shall  afterwards 
have  to  refer.  It  affords,  too,  an  excellent  illustration  of  the  defi- 
nite proportions  in  which  many  bodies  combine,  and  the  uniformity 
of  results  which  are  obtained  from  their  action  on  each  other^  ux 
consequence  of  this  law. 

Supposing  the  sulphate  of  lime  obtained  from  this  water  by 
evaporation  to  be  formed  by  the  action  of  sulphate  of  soda  on  a 
portion  of  its  muriate  of  lime,  it  might  be  inferred,  that  by  adding 
the  due  proportion  of  sulphate  of  soda,  the  whole  muriate  of  lime 
it  contains  may  be  converted  into  sulphate  of  lime ;  and  this,  from 
its  insolubility,  being  easily  separated  from  tite  muriate  of  soda,  the 
quantity  of  it,  and  of  eourse  the  quantity  of  muriate  of  lime,  will 
be  ascertained.  From  the  preceding  analysis,  18  grains  of  muriate 
of  lime  appear  to  exist  in  a  pint  of  the  Dunblane  water.  Now  this 
quantity  requires  for  its  decomposition  23*1  of  real  sulphate  of  soda; 
and  the  products  of  this  decomposition  are  22-1  of  real  sulphate  of 
lime,  and  IS)  of  muriate  of  soda.*  The  former  of  these  products 
being  collected  and  dried,  may  be  weighed,  and  the  latter  being 
deducted  from  the  whole  quantity  of  muriate  of  soda  obtained  by 
evaporation,  the  remainder  will  be  the  quantity  originally  contained 
in  the  water.  The  obtaining  of  these  quantities,  therefore,  or  hear 
approximations  to  them,  will  be  at  once  a  confirmation  of  the  pre- 
ceding analysis,  and  of  the  accuracy  of  these  proportions. 

I  A  pint  of  the  water  was  evaporated  to  about  one-fourth ;  the 
quantity  of  real  sulphate  of  soda  required  for  the  decomposition  of 
its  muriate  of  lime,  it  has  beenjust  stated,  is  23*1  grains.  But  by 
previous  trials  I  had  found  that  a  small  excess  of  sulphate  of  soda 
renders  the  decomposition  more  coitiplete ;  24  grains,  obtained  by 
exposing  crystallized  sulphate  of  soda  to  a  red  heat,  were  therefore 
added.  The  liquor  soon  became  turbid  and  thick.  I  had  also 
found,  that  to  render  the  decomposition  more  complete,  it  is  of 
advantage  not  to  evaporate  at  once  to  dryness,  but  to  add  small 
quantities  of  water  occasionally  for  some  time  during  the  boiling. 
The  experiment  having  been  conducted  in  this  manner,  p  precipi- 
tate of  sulphate  of  lime  was  collected,  which,  when  washed  and 
dried,  weighed  19  grains.  The  liquor  being  evaporated,  afibrded  of 
dry  salt  5]  *6  grains.  But  on  dissolving  this  salt  in  water,  a  deposite 
of  sulphate  of  lime  remained  undissolved ;  and  even  on  again  eva- 
porating to  dryness,  and  re-dissolving  in  water,  a  small  portion  was 
deposited  for  three  successive  times.  The  whole  quantity  of  sul- 
phate of  lime  thus  collected  amounted  to  5*8  grains,  and  of  course 
increased  the  former  quantity  of  19  to  24*8  grains.  Supposing  the 
quantity  of  sulphate  of  lime  originally  contained  in  the  water,  or 
what  is  the  same  thing,  capable  of  being  produced  in  its  eviaporation 

•  The  inspection  of  the  scale  of  chemical  equivalents  gives  at  ooce  these  nAm- 
bers  s  and  this  highly  useful  instrument,  lately  invented  by  Dr.  WoUaifoo.  £u^Ib. 
tutes  greatly  all  such  researches  by  the  number  ef  results  it  |»repeoti  wj^ 
aMWty  of  calculation 
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from  its  own  ingredients,  to  amount  to  3'8  grsins,  this  leaves  21 
grains  formed  by  llie  action  of  the  sulphate  of  soda  which  had  beeo 
added  on-  the  muriate  of  lime ;  and  this  is  equivalent  to  17*1  graim 
of  muriate  of  lime.  The  saline  matter  obtained  by  evnporatioa of 
the  iiolution  weighed,  after  exposure  to  a  red  lieat,  44-4  grains.  Of 
this,  supposing  it  to  be  all  muriate  of  soda,  18  graios  would  bft 
formed  by  the  action  of  tlie  sulphate  of  soda  on  the  muriate  o£ 
lime ;  aiid  there  remain  26*4  grains  as  the  quantity  which  the  water 
had  contained.  This  quantity  is  rather  larger,  and  (hat  of  muriate 
of  lime  rather  smaller,  than  what  are  obtained  by  the  other  analyses. 
But  the  saline  matter  was  found  not  to  be  entirely  muriate  of  ^ods ; 
its  solution  became  turbid  on  the  addition  both  of  muriate  of 
barytes  and  of  oxalate  of  ammonia,  indicating  the  presence  of  sul- 
phuric acid  and  of  lime,  either  in  the  state  of  sulphate  of  lime  re- 
tained in  solution,  or  of  muriate  of  lime  and  sulphate  of  soda  re- 
maining undecomposed.  An  excess  of  sulphate  of  soda  of  O'S 
grain,  it  has  already  been  staled,  had  been  employed,  which  re- 
dnces  the  weight  of  the  salt  to  25*5  grains ;  and  if  a  little  more  be 
iubiracted  on  account  of  the  lime  it  contained,  and  he  added  to  the 
muriate  of  lime,  it  wijl  give  proportions  nearly  the  same  as  those 
before  assigned ;  and  the  results  by  this  method  will  thus  correspond 
with  those  by  the  others. 

Having  slated  this  view  of  ihe  composition  of  this  water,  I  Have, 
now  to  consider  it  under  a  more  general  light,  and  to  point  out  a 
few  applications  which  follow  from  it,  connected  with  the  chemical 
coDstilution  of  waters  which  contain  similar  ingredients. 


Sulphate  of  lime  has  been  often  stated  as  an  ingredient  existing 
in  mineral  waters  with  muriate  of  soda  and  muriate  of  time.  It  JB 
almoiit  superfluous  to  remarlc,  that  it  is  probable  the  original  ingre- 
dients in  all  such  cases  arc  sulphate  of  soda  and  muriate  of  limet 
and  that  the  sulphate  of  lime  is  a  product  of  the  operation,  or  rather 
that  the  portion  of  it  equivalent  to  tlie  quantity  of  muriate  of  soda 
has  this  origin. 

It  is  a  curious  fact,  which  strongly  conSrms  this,  that  in  almost 
all  the  analyses  of  mineral  waters  since  the  time  of  Bergman,  when 
they  can  be  presumed  to  have  been  executed  with  any  precision, 
where  sulphate  of  lime  is  an  ingredient,  muriate  of  soda  is  also 
present.  It  is  obvious  that  if  the  sulphate  of  lime  has  this  origin, 
muriate  of  soda  must  also  be  formed.  On  tlie  other  hand,  in  the 
greater  number  of  those  analyses  in  which  muriate  of  soda  is  an 
ingredient,  we  find  also  sulphate  of  lime ;  and,  with  the  exceplioa 
of  the  water  of  Harrowgate,  sulphate  of  lime  is  always  present, 
n-here  muriate  of  soda  and  muriate  of  hme  are  conjoined. 

But  the  principal  interest  belonging  to  this  view  is  derived  from 
its  relation  to  a  question  which  has  often  been  brought  under  dis- 
cussion— whether  chemical  analysis  is  capable  of  discovering  the 
■ources  of  the  medicinal  virtues  of  mineral  waters ;     "" " 
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fome  hate  been  disposed  to  decide  io  the  riegativ^^  from  findiug 
examples  of  waters  possessed  of  active  powers,  in  which  analysis 
does  not  detect  any  ingredients  of  adequate  activity.  ,; 

On  the  general  question,  the  remark  by  Dr.  Saunders  is  perfectly 
just,  that,  ^'  considering  the  comparative  accuracy  to  which  cher 
niati  are  at  present  able  to  carry  their  inquiries^  we  can  hardly 
suppose  that^  whatever  slight  error  might  occur  in  the  estimation  of 
minute  quantities,  the  actual  existence  of  any  powerful  agent  on  the 
litimaA  body  in  any  mineral  water  should  escape  the  nicety  of  re- 
March*"  Yet  though  this  is  just,  and  though  we  can  have  no  hesi- 
tftdoa  in  rejecting  the  opinion  which  would  ascribe  the  medicinal 
qualities  of  mineral  waters  to  unknown  or  mysterious  causes,  or 
which  would  deny  all  power  to  those  in  which  an  active  chemical 
composition  cannot  be  discovered,  difBculties  on  this  subject  un- 
doubtedly exist,  and  there  is  some  room  for  that  scepticism  which 
bas  been  extended  to  this  department  of  the  Materia  Medica, 

Of  this  no  better  example  can  be  given  than  the  celebrated  Bath 
water.  It  has  always  been  found  difficult  to  account  for  its  powers, 
the  ingredients  which  are  obtained  in  its  analysis  being  substances 
of  little  activity,  and  the  principal  ones,  indeed,  being  apparently 
inert.  It  contains  in  an  English  pint,  along  with  a  slight  impreg* 
nation  of  carbonic  acid,  about  nine  grains  of  sulphate  of  lime^ 
three  grains  of  muriate  of  soda,  three  grains  of  sulphate  of  soda^ 
^^hs  of  a  grain  of  carbonate  of  lin»e,  i-th  grain  of  silica,  and  -^th 
grain  of  o^cide  of  iron.  Now  from  these  ingredients  unciuestionably 
no  medicinal  power  of  any  importance  could  be  expected.  They 
are  either  substances  altogether  inert,  or  are  in  quantities  so  minute^ 
as  in  the  dose  in  which  the  water  is  taken  to  be  incapable  of  pro- 
ducing any  sensible  effect.  Some  have  from  this  circumstance  been  - 
diq[X)sed  to  deny  altogether  any  virtues  to  these  waters ;  but  the  re- 
verse of  this  appears  to  be  established  by  sufficient  evidence,  and 
what  is  still  less  equivocal,  the  injurious  effects  they  sometimes  pro- 
duce, and  the  precautions  hence  necessary  in  their  use,  sufficiently 
demonstrate  their  active  powers.  To  account  for  these,  therefore, 
various  hypotheses  have  been  proposed.  The  observation  has  been 
urged,  which  to  a  certain  extent  is  undoubtedly  just,  that  substances 
given  in  small  doses  in  a  state  of  great  dilution  may  from  this  dilu- 
tioQ  produce  more  effect  on  the  general  system  than  the  quantity 
ffiven  would  lead  us  to  expect.  The  temperature  of  the  water,  too. 
It  has  been  supposed,  may  have  a  considerable  share  in  aiding  the 
eflect;  and  these  two  circumstances  in  particular,  it  has  beea 
imagined,  may  favour  the  action  of  the  iron.  This  is  the  view  of 
the  subject  given  by  Dr.  Saunders,  in  his  Treatise  on  Mineral 
Waters.  Some  of  the  other  ingredients,  too,  it  has  been  supposed, 
may  exert  unknown  powers.  Thus  some  effect  has  been  ascribed 
to  the  agency  of  the  nitrogen  gas  which  rises  through  the  water : 
and  Dr.  Saunders  himself,  apparently  not  very  well  satisfied 
the  reasoning  he  had  employed,  allows  some  weight  to  the  9] 
suggested  by  Dr.  Gibbes^  that  the  siliceous  earth  as»&\&\^^!DA 
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rel  efiect  of  the  Bath  waters; — remarkiiig,  that  though  there  k 
only  a  grain  of  it  in  half  a  pint  of  the  water,  tliis  forms  i^o  objec- 
tion, when  the  great  powers  of  very  minute  quantities  of  active 
substances  are  considered ;  that  neither  U  its  insolubility  to  the 
animal  fluids  an  objection,  as  it  exists  in  the  water  in  a  state  ofsdn- 
tion ;  and  that  tliougb  it  has  neither  taste  nor  smel),  it  may  be  an 
active  substani'e,  since  there  are  indisputably  powerful  iT]edi<4iiei 
which  have  little  of  either  of  these  qualities. 

All  this,  it  is  superfluous  to  observe,  is  extremely  un satis foctM)t 
With  regard  lo  the  iron,  the  only  active  substance — allowing  iiill 
weight  to  the  observations  that  smiill  quantities  of  active  metUcinei 
under  great  dilution  operate  with  increased  power,  and  thitt  a  high 
temperature  may  aid  llieir  operation  on  the  stomsch — still  we  can- 
not believe  that  one-sistieih  of  a  grain,  the  quantity  in  a  pint  of 
this  water,  can  produce  any  important  medicinal  effect :  and  with 
regard  (o  the  other  substiinces,  the  reasoning  whence  their  possible 
operation  has  been  inferred,  instead  of  renioving  the  difficulty, 
rather  places  it  in  a  clearer  light. 

The  view  of  the  constitution  of  mineral  waters  staled  above 
enables  us  to  a^ign  to  the  Baih  water  a  much  more  active  chemical 
composition.  There  is  every  probability  that  muriate  of  lime  b  its 
powerful  ingredient.  The  principal  products  of  its  analysis  are  sul- 
phate of  lime,  muriate  of  soda,  and  sulphate  of  soda.  The  pro- 
portion of  sulphate  of  lime  is  such,  that  part  of  it  most  pre-exist  in 
the  water,  but  part  of  it,  there  is  reason  to  conclude,  is  a  product 
of  the  analysis ;  the  muriate  of  soda  is  entirely  so,  and  the  quantity 
of  sulphate  of  soda  is  larger  than  what  the  analysis  indicates,  la 
other  words,  there  exist  in  it  muriate  of  lime,  sulphate  of  soda,  and 
sulphate  of  lime ;  and  during  the  evaporation,  the  m'Uciate  of  lime 
being  acted  on  by  a  portion  of  the  sulphate  of  soda,  muriate  of  sod* 
and  a  corresponding  portion  of  sulphate  of  lime  are  formed. 

On  the  probability  of  this  view  I  need  not,  after  the  preceding 
illustrations,  oiler  any  observations.  The  obtaining  certain  saline 
compounds  from  a  mineral  water  by  evaporation  leads  no  doubt  al 
first  to  the  conclusion  that  they  are  its  ingredients ;  it  i&  tlie  conclu- 
sion, accordingly,  which  has  hitherto  been  always  drawn,  and  we 
are  disposed  to  regard  this  as  evidence  establishing  this  conclusion, 
in  some  measure,  in  opposition  to  any  diflijreot  view  of  the  compo- 
sition. But  this  is  merely  oversight  or  prejudice,  if  it  can  ba 
shown  that  the  elements  of  these  compounds  may  equally  exist  ia 
the  water  In  a  dtfti>rent  state  of  combination,  which  the  evapora^a 
must  change,  the  conclusion  that  thev  do  exist  in  such  a  stale  is 
^priori  as  probable  as  the  conclusion  t^at  they  exist  in  the  state  in 
which  they  are  actually  obtained.  It  is  demonstrable  that  if  muriate 
■of  lime  aud  sulphate  of  soda  exist  in  a  mineral  water,  or,  what  it 
even  less  ambiguous,  if  they  be  dissolved  together  in  pure  watei> 
Aey  must  by  evaporation  be  obtained,  as  muriate  of  soda  and  suU 
phate  of  lime.  Tlie  actual  obtaining,  therefore,  of  these  lal 
conipoands  is  no  proof  thai  Uic^  ^TC-CK.i3ted  as  such  in  the 
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to  the  exclusion  of  the  opposite  view.  Which  conclusion  n  to  be 
adopted,  must  be  determined  on  other  grounds;  and  from  the 
various  facts  I  have  stated,  I  believe  it  may  be  regarded  as  the  more 
probable  opinion  in  such  cases,  that  the  original  ingredients  are  suU 
phate  of  soda  and  muriate  of  lime.  Since  sulphate  of  soda  exists . 
in  the  Bath  water,  and  since  muriate  of  soda  and  sulphate  of  lime 
are  obtained  in  its  analysis,  it  is  scarcely  possible  to  refuse  assenting 
to  the  conclusion  that  these  are  formed  by  the  action  of  sul{^ate  o[ 
ioda  on  muriate  of  lime. 

On  this  view  of  the  composition  of  the  Bath  water,  it  is  easy  to 
assign  the  proportions  of  the  ingredients,  from  the  products  which 
are  obtained  in  its  analysis.  In  the  formation  of  3*3  grains  of  mu*- 
riate  of  soda,  which  is  the  quantity  obtained  from  a  pint  of  the 
srater,  3*1  grains  of  muriate  of  lime  must  be  decomposed:  four 
grains  of  sulphate  of  soda. would  be  required  to  produce  this  de- 
composition ;  and  at  the  same  time  3*8  grains  of  sulphate  of  lime 
would  be  formed. 

The  latest,  and  no  doubt  the  most  accurate,  analysis  of  the  Bath 
water^  that  by  Mr.  Phillips^  gives  the  following  view  of  its  compo* 
iitioo. 

In  an  English  pint—* 

Carbonic  acid    •  •  •  •  • 1*2  inches 

Sulphate  of  lime , 9    grains 

Muriate  of  soda    • 3'3 

Sulphate  of  soda 1*5 

Carbonate  of  lime 0*.8 

Silica     0-2 

•    Oxide  of  iron    ....••...•« -j^ 

But,  considering  the  coitiposition  according  to  the  preceding 
vi^w,  the  ingredients  and  their  proportions  will  be. 

Carbonic  acid •  •  •  1*2  inch 

Sulphate  of  lime 5*2  grains 

Muriate  of  lio^e    3*1 

Sulphate  of  soda 5*5 

Carbonate  of  lime •  • .  •  0*8 

Silica     0*2 

Oxide  of  iron    • ^ 

The  peculiarity  in  the  composition  of  the  Bath  water,  compared 
with  the  greater  number  of  saline  mineral  waters,  is  that  it  contains 
a  larger  quantity  of  sulphate  of  soda  than  is  necessary  to  convert  its 
muriate  of  lime  into  sulphate  of  lime.  Hence  no  muriate  of  lime 
is  obtained  after  evaporation  in  its  analysis ;  hence  even  a  portion  of 
sulphate  of  soda  is  indicated ;  and^  hence  the  large  proportion  of 
sulphate  of  lime  which  that  analysis  yields.  In  the  Dunbhuie  and 
Pitcaithly  waters  the  sulphate  of  soda  is  deficient,  the  mil 
lime  is  in  large  quantity,  and  is  accomoamedmtV\m\urak^ 
hence  the  eatire  want  of  sulphate  <ft  soda^  \\v^  w»^  ^ 
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stilphafe  of  lime,  and  ihe  large  jiroporlion  of  muriate  of  liraeju 
their  analyses. 

Muriate  of  time,  it  is  well  knowu,  is  a  substance  of  considerable 
^ower  in  its  operation  on  the  living  system  ;  in  quantities  wiiich  are 
even  not  large,  it  proves  falal  to  animals.  When  tHken  to  the  eoitent 
of  si:^  grains,  the  quantity  of  it  which,  aecortling  to  the  precediog 
view,  exists  in  a  quart  uf  tite  Bath  water,  it  cuiinot  be  inactive. 
It  is  veiy  probable,  too,  that  a  given  quantity  of  it  will  prove  much 
more  active  in  a  state  of  great  dilution  in  water  tiian  in  a  less  diluted 
form,  as  in  tliis  diluted  state  it  acts,  when  received  into  the  sta< 
Biach,  over  a  more  extended  surface ;  and  besides  thi5,  wbatevier 

^  effect  may  be  due  to  the  high  temperature  of  the  Baih  water  in 
aiding  the  operation  of  the  minute  portion  of  iron  it  contaioj,  the 
tame  effect  must  be  equally  obtained  in  aiding  the  operation  of  the 
much  larger  quantity  of  muriate  of  lime.  The  conclusion,  indeed, 
as  to  tlie  importance  of  this  effect,  is  much  more  probable  witk 

"  regard  to  the  muriate  of  lime  than  to  the  iron ;  for  supposing  the 
quantity  of  the  former  to  exist  in  the  Bath  water  which  has  been 
assigned,  the  dose  of  it  taken  in  a  quart  of  the  water  is  not  for  from 
its  proper  medium  dose,  and  is  at  least  equal  to  one-half  the  largest 
dose  which  can  be  given,  and  continued  without  producing  irrita- 
tion ;  while  the  dose  of  the  iron  is  not  the  one-hundredih  of  that 
which  is  usually  prescribed.  Under  the  circumstances,  therefoi*, 
in  which  the  muriate  of  lime  is  presented  in  the  Bath  water,  it  ii 
reasonable  to  infer  that  it  must  be  productive  of  considerable  imaa^- 
diate  effect. 

The  speculation  is  further  not  improbable,  that,  to  produce  iti 
more  permanebt  effects  on  the  system  as  a  tonic,  it  is  necessary  it 
should  enter  into  the  circulation.  In  a  dilute  state  of  solution  it 
jnay  pass  more  edsily  through  the  absorbents ;  while  in  a  more  con- 
centrated stale  it  may  be  excluded,  and  its  action  confined  to  the 
bowels.  Hence  the  reason,  perhaps,  that  in  some  of  ihe  diseases  in 
which  it  is  employijd,  scrofula  particularly,  it  has  frequently  failed, 
its  exhibition  having  been  in  doses  too  large,  and  in  too  concentrated 
R  form.  And  hctiee  it  iS  conceivable  that  in  a  more  dilute  state,  as 
that  in  which  it  may  exist  in  the  Bath  water,  besides  its  immediate 
operation,  it  niay  produce  eflects  as  a  permanent  tonic  more  im- 
portant than  we  should  otherwise  expect.* 

I  may  add  that  the  iron  in  the  Bath  water  is  probably  not  in  the 

Elate  of  oxide  or  carbonate,  as  has  been  supposed,  but  in  that  of 

muriate.     Tlie  muriate  is  the  most  active  prejMiration  of  iron,  and 

'  'so  far  increased  activity  may  be  given  to  ibe  slight  chalybeate  im- 

''  pregnation ;  and  some  modification  of  power  may  even  be  derived. 

;  •  X  may  menllon  in  dinfirntafioD  of  litis  (hat  1  TohihI  a  niinerBl  wafir  of  colial- 
~^aeralili;gelebrl(i''ia  Yark-hlrc,  that  of  tikley,  and  wkich  in  p>rli(1ilnr  wHsheld 
I  'laFiic'l  rt(?niafl«>a  aa  a.  nmvAj  In  scrufuluiu  al^cliuna  li>  isicraliciaiiiEat  in«diiial 
JiprpclilionCfs  to  be  >valer.iiiiUuiiiD)tni1j  free  frulu  fill  r^iri'ign  uiOKer,  Rilb  the  ex- 
«T/.((«nofi'frj'miniilpqHaiHilieiMf  luutinlc  (if '«j(la  and  ihnrialc  of  litnl-.  I  find 
tbe  opfoHao\ly  of  obitcvUs,  al  Ihc  »Moict.\a«,  v^ooti  ut  ■vw«ei\c\va.^tffi.cacy. 
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fironi'  the  combiDed  operation  of  muriate  of  lime  and  muriate  df 
von.''  ^  ^      .    .  . 

It  deserves  to  be  remarked,  that  in  the  most  essential  ingredient^. 
4he  muriate  of  lime  and  the  iron,  the  Dunblane  and  Pitcaithly 
^waters  are  similar  to  the  Bath  water,  only  with  regard  to  the  former 
-  ingredient  much  stronger  ;  the  other  differences  are  unimportapt ; 
the  larger  quantity  of  sulphate  of  lime,  and  the  small  quantity  of 
••ilica  in  the  latter,  cannot  be  supposed  Xo  contribute  any  thing  to 
ita  medicinal  operation ;  the  difference  in  the  proportion  of  sulphate 
.^i  fioda  \&  trivial,  and  the  larger  proportion  of  muriate  of.  soda  in 
-the  other  waters  may  rather  be  an  advantage,  rendering  them  more' 
.agreeable  to  the  taste  and  to  the  stomach.  Thi^  principal  difference 
iwill  therefore  be  that  of  strength  with  regard  to  the  most  active,  in- 
igredient,  the  muriate  of  lime*    The  quantity  of  this  is  so  krge  that 
.iffae  tojnie  quality  of  the  Dunblane  ov  tlie  Pitcaithly  waters  can 
.scarcely  be  observed,  and  perhaps  even  scarcely  obtained,  their 
Taction  being  more  peculiarly  on  the  bowels.     It  is  accordingly  as  a 
saline  purgative  that  the  Pitcaithly  water  has  been  celebrated;  and 
it  is  principally  in  those  diseases  in  which  this  effect  is  sought  to  be 
•btained  that  it  has  been  used.    The  Dunblane  water,  from  the 
similarity  of  its  operation,  would  no  doubt  be  employeid  in  diseases 
oi  a  similar  kind.     But  whatever  advantage  might  be  derived  from 
this  purgative  effect,  it  cannot  fail  to  be  perceived  that  a  different 
operation,  not  less  useful^  may  be  obtained  from  them.     If  sufB-> 
ciently  diluted,  so  as  to  avoid  altogether  the  operation  on  the-bowels, 
like  stimulant  operation  on  the  stomach  and  general  system  might 
be  exerted  by  these  waters,  similar  to  that  of  the  Bath  waters,  and 
under  this  form  tliey  might  prove  useful  in  diseases  v^rf  different 
from  those  in  which  they  might  otherwise  be  employed.    As  they 
would  require,  too,  large  dilution  to  reduce  them  to  this  state,  the 
temperature  of  the  Bath  water  might  easily  be  giveo^  •by  adding 
the  requisite  proportion  of  hot  water,  by  which  a  greater  similarity 
of  operation  would  be  obtained.    And  the  Dunblane  wator  in  par- 
t^lar,  containing  so  much  larger  a  proportion  of  iron  Aim  the 
'  Bath  wat^r  does,  the  dilution  requisite  to  give  it  the  same  strength, 
with  regard  to  the  muriate  of  lime,  would  still  leave  an  equal  degree 
of  chalybeate  impregnation.     If  the  preceding  observations,  there- 
fore, are  just,  the  Dunblane  and  Pitcaithly  waters  may  be  con- 
verted, in  all  the  essential  p^rts  «f  tlie  chemical  composition,  into 
a  water  similar  to  that  of  Bath. 

From  the  preceding  statement  of  their  composition,  it  is  easy  to 

discover  how  this  may  be  done.  To  give  the  same  proportion  of  the 

.,  principal  ingredient,   the  muriate  of  lime,   the  Dunblane  water 

^  'Would  require  to  be  diluted  with  from  six  to  seven  parts  of  pure 

water ;  the  same  degree  of  dilution  Would  bring  it  to  nearly  the 

same  strength  with  regard  to  the  iron ;  if  a  pint  of  it  were  diluted 

•..with  this  portion  of  water,  ^about  35  grains  of  sulphate  of  soda 

*  would  require  to  be  added,  to  render  the  composition,  with  regsrf 

A>  this  ingxedient,  perfectly  alike^  if  thb  y^ere  thought  es^eavtiili 
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The  only  wmaining  difii'rcDces  would  ihen  be  the  preEence  of  about 
S'S  grains  of  muriate  of  soda  in  each  pint  of  the  reduced  DunblaDe 
water,  the  deficiency  of  55  grains  of  sulphate  and  0'7  grain  of 
carbonate  of  lime,  and  the  absence  of  0*2  grain  of  siliceous  earlh, 
differences  in  all  respects  probtihly  of  no  importance  whatever.  Hie 
Hmple  eiipediLUt,  indeed,  of  diluting  une  part  of  ilie  Dunblane 
water  with  from  sis  to  s.even  parts  of  warm  water  (or  if  the  snipliate 
of  lime  in  a  i^mte  of  solution  should  be  supjmsed  to  be  possessed  of 
any  active  potver,  with  four  or  live  parts]  and  nddin;;,  if  the  chaly- 
beate impregnation  were  not  found  sufficiently  active,  a  few  dropa 
of  tincture  of  muriate  of  iron,  would  probably  serve  every  purpoK. 
And  if  Eufficicni  contideiice  could  be  given  to  the  substitution  ou 
the  part  of  those  emp!oyiiij{  these  waters  inedi  finally,  the  Dunblane 
water,  thus  altered,  might  probably  be  taken  with  aa  mufli  advan- 
agc  as  the  Bath  water  in  the  diseases  in  which  it  has  been  found 
useful. 

It  is  obvious,  too,  that  if  the  artificial  preparation  of  the  Balh 
water  were  attempted,  it  could  i)e  done  much  inure  easily  according 
.  to  this  view  than  by  endcavouiing  to  dissolve  the  actual  products  of 
its  analysis,  which  indeed  it  would  be  in) practicable  to  do  Muriate 
of  lipi;  and  sulphate  uf  soda  dissolved  in  water  of  tlicdue  tempera- 
ture, with  thi:  uddiiion  of  a  minute  poriion  of  muriate  of  jma, 
would  probably  alford  a  composition  approaching  as  nearly  to  the  ; 
natural  composition  as  is  either  practicable  or  necessary  in  the  imi- 
tation of  any  mineral  water. 

A  similar  view  may  be  taken  of  the  composition  of  Cheltenham' 
water,  lis  analysis  affords  sulphate  of  soda,  sulphate  of  magnesia, 
and  sulphate  of  lime,  with  muriate  of  soda,  muriate  of  magneska* 
t;arbonaie  of  magnesia,  and  oxide  of  iron.  There  is  no  just  reason^ 
however,  to  inter  witli  cerlainfy  tiiat  all  these  are  its  real  ingre- 
dients. It  is  as  probable,  and  indeed  more  so,  that  previous  to  ths 
evaporation  by  which  they  are  obtained  ii  contains  muriate  of  limcj 
which  being  acted  on  by  irie  suipliatcof  soda  forms  muriate  of  soda, 
and  sulphate  of  lime.  It  is  even  not  improbidile  that  the  carbonate 
naturally  existing  in  the  water  is  not  carbonate  of  magnesia,  but 
carbonate  of  soda,  which  re-actitig,  from  the  concentrutioD  by  the 
Evaporation,  on  sulphate  or  muriate  of  magnesia,  causes  llie  pro- 
duction of  the  carbonate  of  magnesia  with  a  corresponding  portion 
of  sulphate  or  muriate  of  soda  ;  or  what  is  equally  probable,  and 
presents  the  same  ultimate  results,  the  sulpliate  of  magnesia  may 
in  the  progress  of  the  evaporation  be  first  acted  on  by  the  carbonate 
of  soda,  forming  carbonate  of  magnesia  and  sulphate  of  soda}  and 
the  sulphate  of  soda,  during  tlie  further  concentration,  may  act  oa 
the  muriate  of  lime,  and  form  muriate  of  soda  and  sulphate  of  lime. 
It  is  much  more  probable,  indeed,  from  the  known  insolubility  of 
carbonate  of  magnc^rs,  that  it  is  produced  in  this  way,  than  tktt  it 
siiuuld  exist  in  a  state  of  solution  in  so  large  a  (quantity  as  that  in 
which  it  is  aSbrded  by  the  evaporation.  And  thus  this  water  will 
^ifffit  9  Striking  ex^in^ile  that  the  real  in^dients  of  a  mioeral 
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wnter  and  their  pKiportions  may  be  very  diflferent  from  those  ob-  : 
tained  by  the  direct  analysis;  for  it  is  too  obvious,  after  the  pre-"  * 
ceding  observations^  to  require  illustration,  that  the  actual  produc-> 
tion  of  certain  ingredients  by  evaporation,  or  any  other  analytic 
process,  fe  no  certain  proof  that  they  pre-existed  in  tire  Water.  It 
is  obvious,  too,  that  if  it  were  proposed  to  imftatfe  the  Cheltenham 
water  by  artificial  preparation,  it  could  be  done  roiich  more  easily 
according  to  this  view  than  by  attempting  to  dissolve  the  ingredients 
obtained  by  the  analvsis — an  attempt,  indeed,  which  would  ,not 
succeed.  The  Dunblane  or  Pitcaithly  water  might  be  convertedn 
so  far  as  regards  the  saline  ingredients,  into  a  water  similar  to  that 
of  Cheltenham,  by  the  addition  of  a  little  sulphate  of  magnessia,  or 
more  nearly  by  the  addition  of  a  little  of  the  bittern  of  sea  water ; 
and  where  in  the  use  of  these  waters  a  continued  purgative  opera- 
tion is  required,  such  an  addition  might  always  be  niade  with  ad- 
vantage. They  might  even  be  made  to  receive  the  impregnation  of 
cilrbotiic  acid  of  the  Cheltenham  water,  by  adding  the  magnesia  in 
the  state  of  carbonate,  with  the  due  proportions  of  «|ulpburic  and 
muriatic  acids  in  a  close  vessel. 

The  water  of  Harrowgate  affords  in  its  saline  ingredients  anothe^ 
illustration  of  the  same  views.  The  principal  ingredient  is  muriate 
of  soda,  with  which  are  present  muriate  of  magnesia,  inuriate  of 
lime,  sulphate  of  magnesia,  carbonate  of  magnesia,  and  carbonate  of 
lime*.  Now  nothing  is  more  probable  than  that  the  last  two  sub- 
stances are  not  original  ingredients,  but  are  products  of  the  analysis 
formed  by  the  action  of  carbonate  of  soda  existing  in  the  wateJr  on 
portions  of  its  muriate  of  magnesia  and  muriate  of  liriie,  whence 
also  the  quantity  of  muriate  of  soda  is  increased. 

Lastly,  a  similar  view  may  be  extended  to  some  of  the  most  cele- 
brated foreign  mineral  springs.  Those  of  Spa,  Fyrmont,  and 
Seltzer,  form  a  very  valuable  order  of  mineral  waters,  to  which  we 
have  none  analogous  in  this  country — what  liave  been  called  the 
aUcaline  carbonated  waters,  distinguished  by  the  leading  character 
of  being  largely  impregnated  with  carbonic  acid  gas,  and  containing 
a  considerable  proportion  of  carbonate  of  soda.  With  this  ard 
associated  carbonate  of  magnesia,  carbonate  of  lime,  and  muriate  of 
soda.  Now  this  association  of  muriate  of  soda  with  these  earthy 
carbonates,  while  there  is  also  carbonate  of  soda  present,  lead$( 
almost  necessarily  to  the  belief  that  the  real  ingredients  are  car- 
bonate of  soda,  muriate  of  magnesia,  and  muriate  of  lime ;  that  the 
carbonate  of  soda  is  in  larger  proportion  than  what  is  if^dicated  by 
the  analysis;  that  it  acts  during  the  evaporation  of  the  water  on  the 
muriates  of  magnesia  and  lime,  and  forms  the  carbonates  of  these 
earths  which  are  obtained  with  corresponding  portions  of  muriate  of  | 
soda :  and  that  it  is  only  what  muriate  of  soda  there  may  lie  above  - 
this  that  exists  as  an  original  ingredient. 

•  The  Seltzer  water,  which  is  the  purest  of  this  order  of  waters,  al 
containing  neither  iron  nor  anv  sulphate^  affcmfa  in  pah^faur  a  veU 


5  of  ike  Mineral  IValers 
'  excellent  illustraiion  of  this.     It  coatains,  according  to  Bergman't 
analysis,  in  an  Eiiglish  pint, 

CuTbonic  acLd  gas   17  cub.  in. 

.  Cvboniiic  of  lime , 3  gcaius 

Ctirbonate  of  magnesia 5 

C^boiiate  of  soda 4 

Muriate  of  soda ]  7"5 

But  ado]>ting  the  opposite  view,  tbc  composition,  so  far  as -thtf 
uneci'litirity  of  tlie  statt  of  the  products,  to  wliich  Bei^nian's  eiti- 
maie  Is  referred,  admits  of  calculating  the  proportions,  will  be. 

Carbonic  acid  gas \^     cub.  in. 

Muriate  oflime  . , 3*3  grains 

Muriiite  of  magnesia 5 

Muriate  pf  soda 7'S 

Carbonate  of  soda    lO'S  dry,  or  1 8  crystallized.* 

It  might  l)e  supposed  that  so  large  a  proportion  of  carbonate  of 
■oda  could  not  exist  with  the  muriates  of  magnesia  and  lime  without 
decomposing  them,  that  this  view  of  the  constitution  of  this  water 
is  therefore  precluded,  and  that  Bergman's  is  just.  And  in  this  c&se 
the  non-precipitation  of  the  carbonates  of  magnesia  and  lime  may 
he  supposed  to  be  owing  to  the  solvent  power  of  the  excess  of  car- 
bonic acid ;  to  which  cause,  accordingly,  it  has  been  ascribed.  But 
on  making  the  experiment,  I  found  that  the  above  quantities  might 
be  dissolved  in  a  pint  of  water,  independent  of  the  presence  of  the 
excess  of  carbonic  acid,  without  any  apparent  decomposition,  the 
solution  being  transparent,  and  remaining  so  on  exposure  to  the  air. 
The  same  fact  has  even  been  observed  with  regard  to  the  natural 
water;  for  although  on  exposure  to  the  air  it  becomes  vspid,  and  its 
Jaste  is  merely  sensibly  alkaline,  (he  carbonates  are  not  precipitated ; 
the  pre qipi til  lion  lakes  place  only  when  heat'  is  applied,  so  as  to 
evaporate  the  walei- '  to  a  certain  extent :  and  with  regard  to  thiJ,  a 
fact  is  mentioned  by  Bergman  not  less  conclusive.  The  carbonate 
of  lime  is  first  deposited,  with  scarcely  any  mixture  of  carbonate  of 
magnesia;  the  latter  separates  only  by  continued  evaporation  j  and 
it  is  even  necessary' to  evaporate  to  dryness,  and  redissolve  in  hot 

*  Thefniloning  is  Ihe  calrulalioa  frnm  which  these  proporHons  arc  asjigned. 
Thrpf  fniin)!  of  t'nrbnDiile  of  lime  are  eqiiivalent  lo  S':4  of  te&l  niniiBle  of  Ijmei 
Ste  Eroiiw  nf  carbTiualc  of  miiKneeia  in  the  ilale  in  niiich  il  was  obtained  bj 
]Srrg,in^iUlt>Al  iq,  llie  {^nndrr  piecipitated  and  ifiti,  are  equiiaient  lo  fite  graiiii 
of  ri-at  u.iufale  of  magnesia.  In  qoiiverling  the  firsl  of  ihpBe  miiriatea  into  car. 
bonale,  ^-8  grato;  of  dry  ehmmon  earbonate,  or  ^uticnrhDnale  ofiDda,  would  be 
eipeiided  i  «nd  In  Ihe conversion  nf  the  <<econd  nlariale,  5'^  ("iiib,  nakioi;  8'4 
|;r,ii|i9,  lu.n'J)ii:h  are  lo  be  tdded  1*4  i^i'.iin,  the  qaantil,v  rontniaed  in  the  four 
fT.i\w.  orihi-  crj^r^liiz^d  rarbonale  obtained  as  liie  diceci  product  of  (he  annlysii, 
-  Irnklni  ifl  nil,  ns  i^lalpd  nbuVf,  lO'S  f^ains.  Lastly,  in  liieie  decompoii lions  of 
Ifc-  riirtll>  mnrimeJ,  »-T  gralBs  of  muriate  of  soda  wonid  he  fonued,  which,  dc- 
«tucie4  fioRi  (fee  17-S  obtiiioed  in  itie  aunlj>si9,  IcAves  1  't)  as  (he  quoatiiy  which  (<i« 
liaier  reallj  cnniaau.  .  .      _. 
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water,  to  obtain  it  eDtirely-^proving  that  it  does  not  pre-exist  in  the 
water  dissolved  by  an  excess  of  carbonic  ac^id,  but  that  it  is  produced 
during  the  evaporation,  and  must  therefore  be  formed  by  the  actioa 
of  carbonate  of  soda  on  muriate  of  magnesia. 

This  view  of  the  composition  of  this  water  accords  much  better 
than  the  other  both  with  its  sensible  qualities  and  its  medicinal 
powers.     Its  ta-te  after  the  carbonic  acid  has  escaped  from  it,  on . 
exposure  to  the  air,  is  rathor  strongly  alkaline,  which  would  scarcely 

*  be  the  case  if  it  contained  only  four  grains  of  crystallized  carbonate 
of  soda  in  a  pint,  but  which  is  to  be  expected  if  it  contain  18  grs. 
It  operates  as  an  antacid  and  diuretic,  and  is  productive  of  much 
benefit  in  all  dyspeptic  affections,  in  diseases  of  the  urinary  organs, 
and  in  those  general  affections  of  the  system  which  require  a  mild 
tonic  power.  There  are  few  mineral  waters,  Dr.  Saunders  observes, 
which  have  acquired  a  higher  reputation  5  and  there  are  few,  he 
adds,  that  deserve  greater  consideration,  from  the  real  medicinal 
Virtues  it  possesses.   It  will  be  difficult  to  give  a  satisfactory  account 

. .'  of  the  origin  of  these  virtues  if  we  regard  ii  as  water  impregnated 
with  carbonic  acid,  holding  in  solution  so  minute  a  portion  of  car- 
bonate of  soda,  with  the  larger  proportions  of  muriate  of  soda  and 
carbonates  of  magnesia  and  lime.     But  if  we  consider  it  as  contain- 

.  ing  along  with  its  free  carbonic  acid  a  considerable  quantity  of  car- 
bonate of  soda,  with  smaller  proportions  of  muriate  of  soda,  muriate 
of  magnesia,  and  muriate  of  lime,  we  assign  to  it  a  composition  of 
inuch  greater  power,  and  adequate  to  account  for  the  effects  it  pro- 
duces. Such  is  the  activity  of  this  water,  that  its  m'edhim  dose  is 
only  half  an  English  pint,  a  degree  of  power  which  accords  much 
better,  with  the  one  view  of  its  composition  than  with  the  other.* 

Large  quantities  of  Seltzer  water  have  been  imported  into  this 
country,  and  artificial  preparations  of  it  are  in  frequent  use.  If 
.  the^e  are  founded  on  Bergman's  view  of  its  composition,  they  can 
scarcely  succeed ;  probably,  therefore,  this  is  not  attempted.  The 
view  wnich  I  have  suggested  renders  its  artificial  preparation  much 
more  easy.  The  ingredients  may  be  dissolved  in  water,  and  the 
solution  impregnated  with  carbonic  acid  gas ;  or^  what  is  easier, 

•  The  water  of  Malvern  may  be  reg^arded  as  of  similar  composition,  only  much 
weaker,  and  wilhoat  any  free  carbonic  acid.  Dr.  Wilson's  analysis  gives  the  foU 
Rowing  ingredients,  and  their  proportions  in  a  gallon  :— 

Grains. 

Carbonate  of  soda ^.... 5*S3 

lime 1'6 

magnesia 0*9199 

———iron  ,  0*62$ 

Sulphate  of  soda ,,, 2*89Q 

Muriate  of  soda 1*5^3 

llesiduuvi 1(^87 

•The  muriate  of  soda,  there  is  every  probability,  is  a  product  of  the  operation* 
.  formed  by  the  action  of  carbonate  of  soda  on  muriate  of  Himi  duhate  of 

ilme  farmed  part  of  the  residauin,  as  is  probable,  by  the  «cti(M  of  ioda 

on  muriate  of  lime.  *  ti 


M 
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these  steps  of  the  process  may  be  conjoioed.  The  muriate  of  lime 
may  be  foriiif  d  by  ndding  tlie  requisite  quantily  of  caiboastc  of  lime 
to  ihe  due  propuriion  of  imtriatk  acid  diifuscd  in  water,  find  tho 
vessel  bi:in^  elosed,  the  escape  of  the  carbonic  acid  gas  may  be  pro* 
Tcnied.  Tlie  tnuriaiu  of  magnesia  and  the  tnuriuie  of  soda  may  be^ 
fl>rmed  in  a  similar  manner  from  tlie  cnibonates  of  niagnesw  and 
soda.  And  the  quantity  of  carbonic  acid  tiuis  afFurdcd  will  be  very 
nearly  that  wliich  is  required.  To  form  the  muriate  of  lime,  three 
grains  of  carbonate  are  to  be  used ;  to  form  tlie  muriate  of  inag^ 
iiem,  five  grains  of  the  carbonate  of  that  earth  ;  and  to  form 
the  7'8  grains  of  muriate  of  soda,  li"3  grains  of  crystallized  car-"- 
bonate  of  soda.  These  quautities  contain  (ii  grains  of  carbonic  acldy 
or  IS  cubic  inches,  a  quantity  not  much  beiieaUi  tliat  which  the 
Seltzer  water  contains.  The  neutral  carljonate  of  soda,  or  bi-car- 
bonate,  as  it  Is  named,  may  even  be  substituted  In  the  preparation; 
and  if  the  due  proportion  of  this  be  used  (II  grains),  it  will  yield 
six  cubic  inches  additional,  making  tlie  whole  quantity  19  cubic 
inches,  two  more  than  the  quantity  in  the  water.* 

I  might  apply  the  same  view  to  a  number  of  other  analyses  of 
mineral  waters,  even  the  most  recent.  But  though  this  would  not 
be  altogether  uninteresting,  it  is  scarcely  necessary  to  extend  the 
illustration  further.  The  general  conclusion  may,  I  believe,  he 
drawn,  that  in  the  analysis  of  saline  mineral  waters,  the  actual  pro- 
ducts of  the  analytic  operation  are  not  always  to  be  regarded  as  the 
real  ingredients,  A  different  view  of  the  composition  is  often  to  be 
taken,  and  may  in  many  cases  be  applied,  so  as  to  afford  a  more 
satisfactory  solution  of  their  active  powers. 

I  may  only  further  remark,  that  a  view  somewhat  different  may 
also  he  applied,  founded  on  the  dticlrinc  that  the  primary  ingre- 
dients of  the  compound  salts^  obtained  by  the  analysis  of  mineral 
waters,  are  in  simuhaneous  combination,  and  not  in  the  state  of 
binary  compounds.  Even  this  view,  were  It  adopted,  would  afibrd 
a  better  explanation  of  their  active  powers  than  the  view  of  their 
composition  which  is  usually  received,  since  it  could  not  at  least  be 
affirmed  that  such  a  combination  must  be  inactive.  The  opinioa 
itself,  however,  Is  much  less  probai)le ;  for  if  fairly  followed  out,  it 
leads  to  the  conclusion  that  all  combinations  of  compound  bodies 
are  simultaneous  combinations  of  the  primary  elements — a  concltf* 
sion  from  which  no  inference  with  regard  to  siKcific  qualities  conld 

*  The  rollniring  ii  the  c»lcst  mtihod  nf  condilcKnc  Hie  proFMs.  About  Sfi 
grains  of  iDnriattc  acid,  of  Ihe  strength  usually  met  with  in  tbe  stiups,  are  put 
into  a  EtrongbntlleirUii  a  pint  of  walrr)  tlie  acid  being  introdimrrf  at  the  botturn 
of  llie  water  by  a  long  funne),  Tliree  Brains  of  pure  wbile  marble.  Id  coarie 
powder,  are  dropped  in,  sud  tbe  battle  '»  claeed.  When  these  are  dissaWed,  five 
grains  of  tile  couimon  rarbonate  of  magnesia  in  pander  am  added,  and  after  the 
■olullonofthit,  33  grains  of  crystallized  carhoDale  of  soda,  nr  what  Is  equiialeni 
lo  this,  and  prrferable,  si  aflbrding  more  carbonic  auid,  S7  grains  of  bieaibomte 
bf  soda,  are  pot  in.  The  bottle  is  closed  aceuiately,  ahakea,  and  iaietted.  Jo  » 
jbort  time  a  perfect  solution  lake]  place,  and  a  liquor  is  oblalucil  trant^areDl, 
I  "Vtlicii  ipoikles  nbea  poured  out,  a>d  bw  a  pleasant  taste. 


1815.]  0^  Dunblane  tmd  Pitcaithly.  36S 

fae  drawn^  and  which  is  inconsistent,  therefore,  with  the  conclusions 
which  in  many  cases  we  jire  able  actually  to  form.  We  are  led, 
therefore,  to  the  admission,  that  the  state  of  binary  combinations 
exist ;  and  it  is  only  necessary  to  guard  against  the  error  of  sup- 
posing that  the  products  of  the  analysis  are  always  .the  original  in  • 
gredients. 

The  importance  of  the  subject,  and  its  relation  to  the  question 
how  ftr  chemical  analysis  is  capable  of  accounting  for  the  medicinal 
efficacy  of  mineral  waters,  will,  I  hope,  afford  an  apology  for  the 
introduction  of  some  of  the  preceding  observations,  though  they 
may  not  fall  strictly  under  the  objects  usually  submitted  to  the 
Society* 


In  a  succeeding  paper  I  shall  have  to  offer  some  remarks  on  the 
analysis  of  sea- water  and  salt-brines,  suggested  by  the  view  which 
I  have  explained  in  this  :  and  the  same  view  may  perhaps  lead  to 
the  illustration  of  a  geological  problem,  hitheito  involved  in  consi- 
derable difficulty,  the  origin  of  rock  salt,  and  the  relation  of  this 
mineral  to  the  saline  impregnation  of  the  ocean. 


Article  IV. 


Geological  Olservaiions  on  North  JVates,      By  L  C.  Prichard. 

M.D.  F.L.S.  F.W.S.  &c. 

(To  Dr.  Thomson  ) 

SIR, 

In  traversing  North  Wales  during  the  present  summer,  I  ob* 
senred  some  facts  which  induce  me  to  suspect  that  the  transition 
formation  prevails  more  extensively  in  that  country  than  is  com'* 
monly  supposed.  The  time  which  I  had  it  in  my  power  to  spend 
there  being  very  limited,  I  had  no  opportunity  of  resolving  some 
interesting  questions  which  presented  themselves  to  me;  but  as  the 
solution  of  them  would  establish  an  inference  importatU  with  re* 
apect  to  the  geology  of  our  island,  and  as  they  might  be  easily  de* 
termined  by  any  person  who  could  examine  at  leisure  a  district  of 
no  great  extent,  1  venture  to  suggest  tliem,  and  to  offer  my  remarks 
to  the  public  through  the  medium  of  your  Journal. 

The  greater  part  of  North  Wales  is  occupied  by  clay-slate,  which 
has  all  the  characteristics  of  primitive  clay-slate.  Nearly  the  whole  of  . 
the  tract  through  which  tiiis  rook  extends  may  be  surveyed  in  clear 
weather  from  the  tops  of  the  three  principal  mountains  of  Wales, 
viz.  Plinliminon,  Cader  Idris,  and  Snowdon,  and  a  general  idea  of 
the  geological  structure  of  the  country  may  be  thus  obtained.  It 
consists  chiefly  of  ranges  of  mountains,  which  run  fromE.  toW-.tir 
i^om  N.E.  to  S.W.    Thpse  mountains  are  generally  .more  J 
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towartis  the  norili  than  the  soutii  side.    The  declivity  towards™!  1 
south  is  often  gentle,  while  the  northern  face  is  precipilious.     ""  ' 
remark,  however,  is  not  iiniver5al. 

The  inclination  of  tlie  strtMa  is  various.  In  many  pkccs  they  we 
Tcrticsl ;  but  the  dip  most  prevalent  tlir«ugh  the  country  upiieai^  M 
be  towards  the  S-  and  S.VV.  This  circinnstanee,  compared  witk 
the  position  of  the  escarpments  of  the  hills,  indicates  that  in  ad- 
vancing from  S.  to  N.  you  pass  contiuualty  from  newer  to  older  foB> 
mations. 

On  passing  from  the  tract  of  the  old  red  sand-stone  in  Hereford- 
shire, the  first  rocks  which  present  themtelves  ore  dtdd«d)yot  ii» 
transition  formation.  Near  Ludlo\V,  in  Shropshire,  beds  of  cb^ 
slute  first  occur  alternating  with  thin  beds  of  blue  lime-stone,  con- 
taining numerous  impressions  of  smalt  shells.  From  this  place  to 
Montgomeryshire  ciay-skte  ahounds.  This  I  obscrxed  on  myre^ 
turn.  I  entered  North  Wales  through  Brecknoclt shire ;  and  the 
first  transition  rock  which  attracietl  my  notice,  and  which  appean 
immediately  to  succeed  the  old  red  sund-sione,  is  greywacke-slatej 
which  alKHit  ten  miles  S.  of  Buallt  forms  magoificenl  cliffs  on  botfa 
sides  of  the  river  Wye.  It  splits  into  slates  half  an  inch  thick,  and 
contains  a  large  portion  of  mica.  Tlie  beds  dip  at  a  considerable 
angle  towards  the  S.  E.,  and  the  liUIs  form  bold  escarpments  front 
ing  the  N.W. 

Near  Buallt  the  hills  consist  of  a  crumbling  clay-slate  resemhliitg 
state-c]ay.  In  the  bed  of  the  Wye,  about  ihree  miles  N.  of  Buall^ 
I  (bund  greywackc  in  mass  alternating  with  a  liard  clay-slate.  The 
former  consisted  of  small  fragments  of  quartz  and  clay-slate  in*' 
bedded  in  a  basis  of  ciayslttte. 

From  Khaiadyr  to  H^fod,  and  to  Plinlimmon,  clay-slate  pre- 
TaiU.  At  tiie  Devil's  Bridge  it  is  quarried,  and  furnishes  a  fine  bltie 
roof  slate,  very  hard,  and  of  considerable  lustre.  The  PlinlimmDa 
chain  consists  of  the  same  rock.  Large  veins  of  snow-white  quarts 
traverse  it  ia  all  directions,  louse  bloeksof  which  are  scattered  on 
the  tops  of  the  mountains. 

The  chain  of  Cader  IdrU  bears  a  great  resemblance  in  the  eom- 
poGttioD  of  its  rocks  to  that  of  Snowdon.  I  ascended  the  former 
from  Tal  y  Llyn  by  the  side  of  Llyn  y  Cae.  About  half  way  tip  the 
mountain  1  found  beds  of  clay-slate  and  of  flinty-slate  dipping  at 
an  angle  of  7^"  to  the  S,  The  top  of  the  hill  consists  of  a  beautiful 
clay-stone  porphyry,  containing  crj'staU  of  felspar  and  some  quarts 
imitedded  in  a  basis  of  hard  clay-stone,  which  passes  into  liorn-stotte. 
In  some  places  the  form  of  the  felspar  crystal  is  wanting,  and  the 
porphyry  is  amygdnloidal.  It  forms  large  taliular  masses  and 
columnar  rocks,  which  affect  a  pentagonal  form.  I  should  liave 
eonsidtred  the  upper  part  of  thi=  hill  as  an  example  tJtbe  overlying 
formation,  if  1  had  not  found  some  facts  in  Snowdon  which  dispose 
me  to  a  dilfurent  opinion.  The  northern  side  of  Cader  Idris  pre- 
teats  a  bold  precipice,  in  which  the  porpbyritic  -nJi  forms  beautiftJ 
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Mages  of  columns.    It  appeared  to  me  to  He  in  strata  which  dip 
tKm'ards  the  S. 

-  '-^  North  of  the  Cader  Idrb  chain  a  lower  range  of  hills  runs  nearly 
IHirallel  with  it.  The  river  Mowddach  flows  through  the  intervening 
valley.    These  hills  consist,  at  least  along  the  hanks  of  the  Mowd-i 
itudiij  of  a  rock  composed  of  felspar^  and  containing  in  some  places 
Ifti^  crystals  of  green  hornblende,  which  alternates  with  clay-slate. 
At  Khaidyr  du  a  section  of  the  rock  has  been  formed  by  a  torrent^ 
where  many  of  these  alternations  present  themselves.     These  beds 
iSp  Id  the  S.,  towards  the  direction  of  the  Cader  Idris  chain.    The 
99jBie  rock  alternating  with  slate  prevails  very  extensively  between 
this  place  and  the  Snowdon  range.  The  hornblende  is  often  wanting. 
?    I  ascended  Snowdon  from  Capel  Curig,  but  on  that  side  could 
distinguish  nothing  with  respect  to  the  disposition  of  the  rocks. 
The  porphyritic  rock,  resembling  that  of  Cader  Idris,  extends  quite 
to  the  base  on  the  south-eastern  declivity.     But  on  going  up  on  the 
northern  side  from  Llanberris,  I  found  a  tolerably  distinct  appear- 
ance of  strata,  with  an  inclination  towards  the  S.     From  the  foot 
^  the  mountain  to  about  half  way  up,  I  traced  frequent  alterna- 
tions of  clay-slate  and  porphyry.     About  two-thirds  of  the  way  up 
ft  precipice  of  considerable  extent  fronts  the  N.,  where  the  rock, 
though  split  by  fissures  in  all  directions,  appears  to  be  stratified,  as 
before  mentioned.     The  top  of  the  mountain  consists  of  porphyry. 
In  several  other  parts  of  the  Snowdon  chain,  which  I  traversed  in 
various  directions,  the  appearance  of  stratification  was  more  distinct 
than  in  the  mountain  which  is  properly  called  Snowdon.    This  I 
observed  particularly  between  Capel  Curig  and  Llyn  Idwal.     There 
are  many  quarries  of  roof  slate  in  this  ranj^e ;  and  one  of  consider- 
able extent,  in  a  hill  which  is  separated  from  Snowdon  by  the 
narrow  valley  of  Llanberris. 

•  '  This  valley  presents  a  bead tiful  section  of  the  chain.  Magni- 
ficent ranges  of  porphyritic  rocks  strike  the  eye  on  both  sides,  and 
by  their  columnar  forms  have  given  rise  to  the  mistaken  idea  that 
these  hills,  as  well  as  Cader  Idris,  are  covered  by  basaltic  rocks.  I 
5aw  no  trace  of  basalt  on  any  part  of  them,  neither  could  i  discover 
-any  granite  or  mica-slate. 

.,;  A  question  here  presents  itself  whether  the  porphyritic  rock 
which  forms  the  top  of  Snowdon  belongs  to  the  overlying  forma- 
tion, or  is  conformable  with  the  strata  of  clay-slate  whicli  constitute 
the  base  of  the  hill.  This  inquiry  is,  as  it  will  presently  appear,  of 
•oc^nsiderable  importance  in  assisting  to  determine  the  era  to  which  a 
'  great  part,  if  not  the  whole,  of  the  slate  formation  in  North  Wales 
must'  be  referred.  From  the  huge  tabular  and  columnar  masses  into 
■ivhich  the  porphyry  is  divided,  and  from  its  occupying  more  re-^ 
markahly  the  tops  of  the  mountains,  I  was  at  first  led  to  refer  it  to 
the  overlyinf^»;  formation  ;  but  the  frequcint  alternations  of  '  e 

porphyry  with  the  clay-slate*  at  the  base  of  Snowdoa^^^  r 

'nills  in  the  range,  seem  to  countenance  the  opinion  that  ii  i 

position  conformable  .with  the  clay-sto^.     {^v\^  ^ex^osi  '^ 


Regisler  nf  the  IVeallier  in  Plymouth. 
examine  the  Snowdon  and  Cader  Idris  chains  deliberately  m^iit 
easily  dt'lermine  this  point  with  respect  to  both  of  them. 

If  it  should  turn  out  as  I  suspect,  that  the  porphyry  and  clay- 
slate  are  cooformable,  the  whole  mountainous  tract  of  Norih  Wales 
must  be  considered  as  a  transition  country  ;  for  the  former  rock  on 
Snowdon,  and  in  other  (jurts  of  the  ehuin,  abomuh  in  organic  rt- 
mains.  I  found  on  the  highest  summit  sumeroua  impressions  of 
shells,  which  appeared  to  be  peclcnites  and  terehratulites.  There 
were  several  impressions  of  organic  liodies,  which  1  have  not  seen 
described,  and  some  appearances  resembling,  though  indistinctly, 
turbinated  madrepores,  1  observed  similar  impressions  on  some 
blocks  near  Lake  Ogweo. 

If  the  Snowdon  chain  be  not  primitive,  there  is  no  part  of  North 
Wales  which  can  with  any  degree  of  probability  be  referred  to  thit 
formation.    '  < 

I  remain,  Sir,  your  obedient  servant, 

Brktvl,  Sept.  15.  I8IS.  i.  C.   FniCHARD. 
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N  N  W  to  1 
E 

EN  E 
E  N  E  to  > 
ENE 
NN  W 
N  W 
E  to  W  N  W 
W  N  W 
N  W 


Fair  mnrn  i  cloudy  eve. 
Cloudy  and  fair. 
Dido;  fair  at  niglil. 

>  marn  t  cloudy  and  faii 

Ay  and  fair. 

■aorn  ;  orcasLonal  sbowcri. 


muin  ;  cloudy  day;  ihowers  al  nlghl. 
neii  early  ii]  murnj  cloiuly  dav. 
r  SllKhl  showers. 

1^  Hnildillo,  morn  I  fair  artemnoD. 
I    [tliilj  day. 

:^  Slioweri,  morn  i  cloudy  tnd  fair  alien. 
Cloudy  laDm  ,  fair  aflcrnoon.  ^^ 

Cluudy  and  fair.  ^H 

'1aar  frost ;  cloudy  morn ;  fair  day.^^l 
lllln  I  cloudy  and  fair.  ^^H 

air  morn  ;  cloudy  eve. 
Cloudy  muro  j  cloudy  and  fair  tie. 
Snoiv  shonen.tnorn;  cloud]!  and  fair CTfi 
Cloudy,  and  a  shower. 


ffK  at  FFymonlJ 
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,^     \ 
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Barometer :  KxKfttest  height SO'49  incbet 

Lowest   .4,. 29*24 

Mean «9*8S 

nermometer:  Greatest  height 54 

Lowest  28 

Jlean 4... 46*0d 

MARCm 


Wind. 
Var. 

S 
Tar. 


Date. 

Wind. 

Rain. 

Obseryations. 

1815. 

Ilarch  1 

S  W 

0*08 

Misty }  small  rain« 

2 

Var* 

Fair. 

3 

Var. 

0*03 

Ditto,  dayi  misty  at  hight^ 

4 

S 

Ditto,  ditto. 

5 

S  to  W  N  W 

Oil 

Very  misty  day  %  fair  at  ditto* 

« 

£  N  £  to  S 

1         r 

Cloudy  and  fair. 

Thick  weather;  a  gale,  and  heavy  raio^ 

7 

S 

>  0-85  J 

at  night. 

8 

WNW 

Heavy  rain>  morn ;  cloady  and  fair  after* 

J             1 

noon. 

9 

W 

0-67 

Showers  (heavy). 

10 

WNW 

0-40 

Ditto  of  snow,  hail,  and  raiiu 

11 

WNW 

0-15 

Showery  day. 

12 

W  by  N 

0*53 

Ditto,  and  stormy. 

IS 

W 

0*46 

Ditto,  ditto. 

'        14 

NW 

High  wind ;  fair. 

15 

W 

1       r 

Misty. 

16 

w 

1  "''  { 

Showers  early,  mora  j  fair  day  j  cloudy  at 
night. 

n 

NW 

Cloudy  and  fair. 

18 

WNW 

Misty. 

19 

NW 

t 

Fair  day ;  clondy  at  night. 

20 

£S£ 

Cloudy  and  fair. 

21 
22 

S  to  S  S  W 

wsw 

1  035  1 

Cloudy  morn;  high  wind  and  showery^ 

afternoon. 
High  wind,  and  showers* 

23 
24 

w 
w 

1    1-15  1 
1   0-56  1 

Ditto,  and  hail  ditto. 
Ditto,  ditto. 

25 
26 

w 

s  w 

Ditto,  ditto. 
Ditto,  ditto. 

27 

s  w 

0-60 

A  storm,  and  heavy  rain. 

28 

w 

High  wind ;  cloudy  and  fair^ 

29 

S  £  to  S 

Cloudy  and  fair. 

SO 

SS£ 

Misty. 

31 

£S£ 

Fair. 

606 

Inches  rain. 

Barometer :  Greatest  height SO'29  inchet 

Lowest    29-11 

Mean  ..., 29  82 

7hermon>,eter :  Greatest  height 65 

Lowest 33 

Mean ., 47*14 


Wind. 

Var. 
W 

ESE 
WNW 
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Date. 

Wind. 

Rain. 

Observations* 

1815. 

April  1 

ESE  to  SSE 

Fair  days  cloudy  at  ni|;ht«                  * 

2 

8  W 

Cloudy  and  fair  morn ;  fair  afteroooa* 

9 

W 

Fair. 

4 

W  to  W  N  W 

Cloadymorn;  fair  afternoon. 

5 

W  to  W  S  W 

Cloudy  and  fair. 

6 

WS  W 

1 

Cloudy. 

7 

E 

Hi^  nind;  fair. 

8 

£ 

• 

Ditto,  ditto. 

9 

W 

Clondj  and  fair. 

10 

£ 

0*03 

Ditto,  and  a  shower* 

11 

Var.  ' 

Ditto; 

12 

Var. 

Ditto  1  fog,  inom. 

13 

Var. 

023 

Fog,  morn  $  showers  hail^  afterooctt. 

14 

N  N  E  to  N  N  W 

Cloudy  day ; '  snow,  shower  at  night. 

15 

Var. 

Cloudy  and  fair. 

16 

WSW 

• 

Ditto,  ditto. 

17 

SW  to  £ 

Ditto,  ditto,  and  a  hail  shower. 

18 

NN  W 

Fair. 

19 

Nw 

Dittiv 

20 

N  by  W 

Cloudy  morn ;  fair  afternoon^ 

21 

N  by  W 

0*21 

Squally,  with  showers* 

22 

W 

0-48 

Ditto,  ditto. 

23 
24 

W 

}    0-S6  1 

Showers. 
Ditto. 

85 

N  by  W 

0-03 

Very  light  ditto* 

26 

N£  to  £ 

^ 

Fair. 

27 

K 

Ditto; 

28 

£ 

ii 

Ditto* 

.29 

E 

Misty  morn ;  cloudy  day. 

30 

£ 

:• 

Cloudy  day;  sbowers.at  nighf* 

1-34 

Inch  rain. 

Barometer  t  Greatest  beight. . « * S3*33  inches 

Lowest   ....i 29*10 

Mean  29*89 

Thermometer  t  Greatest  height * 67^ 

Lowest  28 

Mean  « ^49*37 

MAY. 


W 
W 

Var. 


May  1 

E' 

.    1*24 

Heavy  rain. 

2 

8  W 

■ 

Cloudy  and  fair. 

3 

W 

Cloudy  morn  $  fair  afternoon. 

4 

N  to  W  N  W 

Fair. 

5 

WN  W 

Ditto  $  cloudy  at  night. 

6 

SSE 

1       f 

Cloudy  day ;  rain  at  night. 

7 

s 

>  088  } 

Heavy  showers. 

6 

s 

J             I 

Ditto,  ditto. 

9 

8  W 

017 

Fair  day  ;  showers  at  Bi|^„ 

10 

8S  W 

* 

Thick  weather. 

Vol.  VI.  N"  V. 


^h 
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Date. 

Wind. 

Raio. 

Observations. 

May  11 

SB  to  SSW 

1        r 

Cloudy  and  fair  iDom  ;    high   wind  and* 

y  013  ^ 

showers,  afternoon. 

12 

SW  to  SSW 

J       I 

Showers,  and  high  wind. 

13 

WS  W 

i        r 

Ditto,  ditto. 

14 

s 

V  0-44  < 

Ditto,  ditto. 

15 

s 

J             t 

Ditto  early,  morn ;  cloudy  and  fair  day. 

16 

WN  W 

Fair. 

17 

Var. 

Cloudy  and  fair. 

18 

NW 

Ditto. 

19 

N^\  to  NNW 

Fair. 

20 

WNW 

• 

Ditto ;  cloudy  and  high  wind  at  nrght. 

SI 

NW 

018 

High  wind,  and  hail  showers. 

22 

N  W 

}   °"  { 

Ditto,  and  showers. 

23 

WNW 

Light  ditto. 

24 

W  by  N 

^                                                          ^ 

Cloody  and  fair* 

25 

S  to  NW 

Fair. 

sa 

W  to  E 

Fog  morn  ;  fair  day. 

27 

£ 

High  wind;  fair. 

28 

Var, 

Cloudy  and  fair. 

29 

30 

£  S  £  to  S 
WNW 

}  010  1 

Showers  ;  high  wind,  afternoon. 
High  wind,  and  showers. 

21 

£  to  SB 

0-75 

A  wet  day. 

S'80 

'Inches  rain. 

Wind. 

Ba 

xometer:  Greatest 

height .•..  30'40iiiche»            Var; 

Lowest 
Mean  .  • 

29-54                          E 

2990 

Ther 

mometer :  Greatest 

height 72                         NNW 

Lowest 

39                         WNW 

Mean  .. 

56-30 

JUNE. 


1 

E  to  N  N  £ 

007 

Fog  morn ;  light  showers,  afternaoD* 

8 

Var. 

Cloudy  and  fair. 

S 

WNW 

Cloudy. 

4 

W  to  S 

Misty. 

5 

NW 

on 

Showers.      * 

6 

s  w 

Clotidy  and  fah'. 

7 

s 

0-31 

Heavy  showers. 
Ditto. 

8 

N  W 

0-25 

9 

W  to  SW 

• 

Fog ;  cloudy  and  fair. 

!0 

s 

Cloudy  and  fair. 

11 

S  £  to  S 

0-32 

Heavy  rain,  morn ;  cloudy  and  fairaftec^ 

\ 

■ 

noon* 

.  12 

£S£ 

0-15 

Showers. 

'  13 

S  to  £  8  E 

0-25 

Cloudy  day  ;  high  wind  and  rain  at  nigbf^ 

14 

S  to  WNW 

0-15 

High  wind,  and  showers. 

.  16 

Yar.  at  £ 

Cloudy  and  fair. 

16 

E 

0-69     , 

Cloudy  morn  1^  heavy  fain,  afternoon  and 

17 

S  to  W  N  W 

eve. 

Cloudy  and  fair. 

.  18 

Var. 

010 

Ditto,  ditto,  mom ;  ihowcri,  afternoon. 

/ 
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Date. 

Wind. 

Ilain. 

Observations. 

1815. 

- 

June  19 
20 

S  to  K 
E  N  E  to  W  N  W 

}    ^'^   { 

Ditto,  ditto,  ditto. 
Heavy  showers.. 

21 

W  N  W  to  N  W 

Fsiir  day ;  clondy  at  night. 

*8 

S 

Ctoady  and  fair. 

23 

N  W 

0-09 

Ditto,  ditto,  day;  light  rain  at  night. 

24 

N  to  NW 

M  isty. 

25 

NW 

Cloodv  and  fair. 

26 

N  W 

Ditto,  ditto. 

27 

Var. 

Ditto,  ditto. 

28 

Var. 

- 

Fair. 

29 

E 

Ditto;  high  wind; 

30 

£ 

Ditto,  ditto. 

3-09 

Inches  rain. 

Barometer :  Greatest  height 30*21  Inches 

Lowest    29*25 

Mean   29*885 

Thermometer:  Greatest  height 76° 

Lowest    43 

Mean 60'13 


Wind, 

Yar. 
BSB 

Var. 
W 


Article  VI. 

OJ^servations  on  Mr.  DaltorCs  Theory  of  Cliernical  Composition* 

By  Peter  Ewart,  Esq. 

{Read  to  the  Philosophical  Society  of  Manchester,  Sept.  1812.) 

It  has  long  been  observed  that  chemical  compounds  contain  their 
elements  in  limited  proportions ;  iand  it  has  at  all  times  been  a  chief 
object  with  chemists  to  ascertain  these  proportions  in  bulk,  as  well 
as  in  weight.  Various  attempts  have  beei^  made,  also,  to  trace  some 
general  principle  of  agreement  in  the  phenomena  of  chemical  com- 
position. In  this  field  of  investigation  Mr.  Dalton  has  been  emi- 
nently successful.  About  ten  years  ago,  observing  a  remarkable 
coincidence  in  the  proportions  of  the  elements  contained  in  some 
chemical  compounds,  he  was  led  to  believe  that  this  coincidence 
could  not  be  partial  or  accidental,  but  that  it  might  form  part  of  a 
general  system,  comprehending  every  chemical  combination.  Under 
this  impression,  he  examined  and  compared,  with  gr^at  skill  and 
ingenuity  of  research,  a  prodigious,  number  of  compounds  3  and  be 
has  published  a  valuable  collection  of  facts,  estab  '--  'Others  as 

well  as  by  himself,  throughout  the  whole  of  wl  ciple  of 
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composition,  which  he  iirst  ohserved  only  in  a  few  lastance^^ 
found  10  prevail.*  ' 

A  small  number  of  facts  are  sufScieot  to  esplain  the  natiiretf 
this  principle  ;  and  in  the  following  it  appears  very  distinctly. 

Ist.  JOO  grains  of  olefiant  gas  contain  S5  of  carbon  and  15'^ 
hydrogen  ;  f  ihat  is,  in  the  proportion  of  5-6  carbon  to  1  hjdrbgcB. 

2d.  100  grains  of  carbonic  oxide  contain  44{~  carbon  and  55^ 
oxygen ;  %  'hat  is,  in  the  proportion  of  56  carbon  to  7  oxygen.  '"• 

3d.  100  grains  of  water  contain  12^iiydrogenand  87-J- oxy^feD'JJ 
that  is,  in  the  proportion  of  1  hydrogen  to  7  oxygen. 

4ih.  ]00  grains  of  carbureted  hydrogen  contain  74  carboo  and 
26  hydrogen  ;||  that  is,  in  the  proportion  of  5*6  carboa  to  2 
hydrogen. 

5th.  100  grains  of  carbonic  acid  contain  33'6  carbon  and  71''4 
oxygtn  ;  **  that  is,  in  the  proportion  of  5-6  carbon  to  14  ok^ieD. 

Now  it  h  very  remarkable  that  the  last  terms,  in  the  first  sni 
second  of  these  proportions,  arc  the  same  as  the  first  and  second 
terms,  representing  the  proportions  cf  the  same  elements,  iii  the 
third  compound. 

In  tlie  fourth  and  fifth  compounds  we  have  a  further  coincidrace 
of  a  different  Ifind.  Here  we  have  the  same  elements  as  in  the  two 
first  compounds;  and  the  last  terms  of  the  proportions  in  the  first 
and  second,  multiplied  by  two,  are  respectively  equal  to  the  last 
terms  of  the  fourth  and  fifth. 

Presuming  that  something  more  than  an  accidental  coincidence 
is  indicated  by  such  agreements  as  these,  Mr.  Dalton  proposes  to 
explain  (hem  as  follows. 

If  we  suppose  the  oliimate  divisions,  or  atoms,  which  unite  id 
chemical  compounds  of  carhon,  hydrogen,  and  oxygen,  to  b^  of 
different  relative  weights,  in  the  proportion  of  5-6',  1,  and  7(  we 
shall  have  equal  numbers  of  atoms  of  each  of  their  elements  in 
each  of  the  first  three  compounds  ;  and  if  the  compounds  be  homo- 
geneous, each  atom  of  carbon  in  the  first  compound  must  be  united 
to  an  atom  of  hydroj;en  ;  and  In  the  second,  each  atom  of  carbon 
must  be  united  to  an  atom  of  oxygen  ;  in  the  third  compound,  each 
atom  of  hydrogen  must  be  united  to  an  atom  uf  oxygen ;  each  atom 
of  carbon  in  the  fourth  compound  must  be  uaitcd  to  two  atoms  of 
hydrogen ;  and  in  the  lifth,  each  atom  of  carhon  must  be  united  to 
two  atoms  of  oxygen.     Upon  this  principle,  then,  we  have  the  ex- 

*  II  isnola  lilllc  rrmarkablp,  Ihnt  Ihe  labaun  atsnmi!  nf  Ihe  )irmci[ml  modera 
phrmislt  in  Earnpe,  wbcre  guanlili/  ivaj  [be  nhjcct  uf  research,  hate  given  reaaltt 
uniriirinly&.Taurab1clo  IhEeslabllahmentnF  Ibis  principle,  though  lliey  have  bred 
in  tiime  insmncen  unBC((uainled  iriib  it.  Witness  those  of  Clemeal  and  Dnormei^ 
WollIis(on,Da»y,  Ifcnrv,  Berlhollel,  BErard.  (iaj-Lussac,  Berzetiu,  &c.  &c. 

+  ThoBnaa,  Nieh.  JouT.  ixviii.  333. .  Davj,  309: 

i  ClmieDt  and  DoafnWf,  Add.  Cblm,  torn.  39. 

;  IlDiuboll,  Gaj-LoKac,  Anu.  dim.  1805.     Nich.  Ju;ir.  i 

'-'  ■    "•'..  MSedsctha.    Davy,  SOT. 


1£S 


IB  15.]        On  Daltoris  Theory  of  Chemicql  Composition.  373 

|>1anatioQ  of  a  connected  agreement  in  these  five  compounds^  which 
v^ould  be  destroyed  by  a  small  variation  in  the  composition  of  any 
one  of  the  five. 

In  the  following  nine  compounds,  seven  of  which  are  solids,  the 
/same  principle  is  found  to  prevail  with  as  much  uniformity  as  in  the 
gaseous  fluids  and  water,  wnich  we  have  been  comparing. 

1.  100  grains  of  sulphurous  acid  contain  50  grains  of  sulphur* 
and  50  grains  of  oxygen ;  that  is,  nearly  in  the  proportion  of  14 
sulphur  to  14  oxygen. 

2.  100  grains  of  sulphuric  acid  contain  40*6  grains  of  sulphurf 
and  59*4  grains  of  oxygen  ;  that  is,  nearly  in  the  proportion  of  14 
sulphur  to  21  oxygen. 

3.  100  grains  of  black  oxide  of  iron  contain  78  grains  of  iron]; 
and  22  grains  of  oxygen  3  that  is,  nearly  in  the  proportion  of  50 
iron  to  14  oxygen. 

4.  100  grains  of  red  oxide  of  iron  contain  704-  grains  of  iron  % 
and  29^  grains  of  oxygen ;  that  is,  nearly  in  the  proportion  of  50 
iron  to  21  oxygen. 

5.  100  grains  of  sulphuret  of  iron  contain  7^  grains  of  iroft§ 
and  22  grains  of  sulphury  that  is^  nearly  in  the  proportion  of  50 
iron  to  14  sulphur. 

6.  100  grains  of  magnetic  pyrites  contain  64  grains  of  iron  (|  and 
36  grains  of  sulphur }  that  is^  nearly  in  the  proportion  of  50  iron  to 
28  sulphur. 

7.  100  grains  of  pyrites  of  Soria  contain  54*3  grains  of  iron  H 
and  45*7  grains  of  sulphur ',  that  is^  nearly  in  the  proportion  of  50 
iron  to  42  sulphur. 

8.  100  grains  of  common  pyrites  contain  47  grains  of  iron  ||  and 
53  grains  of  sulphur ;  that  is,  nearly  in  the  proportion  of  50  iron 
to  56  sulphur. 

9.  100  grains  of  sulpliate  of  iron  contain  49*78  grains  of  red 
oxide  of  iron  **  and  50'22  grains  of  sulphuric  acid ;  that  is,  nearly 
in  the  proportion  of  71  red  oxide  of  iron  to  70  sulphuric  acid. 

If  we  suppose,  as  before,  the  relative  weight  of  an  atom  of 
oxygen  to  be  as  7^  and  if  we  further  suppose  those  of  sulphur  and 
iron  to  be  respectively  as  14  and  50,  we  shall  have, 

1st.  In  sulphurous  acid,  each  atom  of  sulphur  united  to  two  atoms 
of  oxygen. 

2d.  In  sulphuric  acid,  each  atom  of  sulphur  united  to  three  atoms 
of  oxygen. 

3d.  In  black  oxide  of  iron,  each  atom  of  iron  united  to  two  atoms 
of  oxygen. 

4th.  In  red  oxide  of  iron,  each  atom  of  iron  united  to  three  atoms 
of  oxygen. 

•  Davy,  274.  f  Bercelfnt.  4e  Chim.  IzXTiii.  44. 

i  Davj,  1 10.  ^  Vanqiid 

I)  Hntchett  and  Prftiift,  Nich.  Joor.  j[.:| 
••  Berzelius,  Aon.  de  Chim.  IxxvlU-i 
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5th.  In  sulpfauret  of  iron,  each  atom  of  iron  united  to  one  atom 
of  stilphur. 

6th.  In  magnetic  pyrites,  each  atom  of  iron  united  to  two  atoms 
of  sulphur. 

7th.  In  pyrites  of  Soria,  each  atom  of  iron  united  to  three  atoms 
pf  sulphur. 

8th.  In  common  pyrites,  each  atom  of  iron  united  to  four  atoms 
of  sulphur. 

.    9lh.  In  sulphate  of  iron,  each  atom  of  red  oxide  of  iron  unitedto 
two  atoms  of  sulphuric  acid. 

In  the  ninth  compound  we  have  an  example  of  the  union  of  two 
compound  atoms ;  and  in  the  same  manner  various  other  compound 
atoms  are  found  to  be  united  in  compounds  which  contain  more 
than  two  elements. 

Indeed  any  atom  at  present  supposed  to  be  simple  may  afterwards 
be  found  to  be  compounded  of  others  more  simple  ;  for  upon  this 
principle  it  is  not  concluded  that  an  atom  of  any  known  element  is 
in  its  smallest  possible  state  of  division.  The  word  atom  is  intended 
to  ejcpress  merely  the  smallest  division  which  is  found  of  any 
element  wf/to^  decomposition,  * 

Thus  an  atom  of  carbonic  acid,  one  of  the  elementary  particles 
constituting  that  elastic  fluid,  is  only  capable  of  division  into  oxygen 
knd  charcoal.  It  is  possible  that  atoms  of  oxygen  and  charcoal  may 
be  further  divided,  but  we  do  not  yet  know  tliat  the  division  is  prac- 
ticable. Neither  is  it  understood  that  the  relative  weights  of  the 
atoms  of  the  five  elements,  the  combinations  of  which  we  have  been 
comparing,  are  precisely  as  1,  5'6,  J,  14,  and  50.  It  is  obvious  that 
their  relative  weights  can,  upon  Mr.  Dalton's  principle,  be  deter- 
mined only  by  the  agreement  of  a  great  number  of  nice,  and  often 
difficulty  analyses}  and  in  proportion  as  more  accurate  analyses  are 

*  *  It  ifi  not  assiuned  t^at  the  ultimate  elementary  particles  or  atoms  of  matter  are 
absolutely  indivisible.  But  Hi  support  of  the  opinion  that  they  have  remained  ua^ 
divided  since  the  creation  of  the  world,  and  that  the  permanence  of  the  tpecifie 
properties  of  all  material  object^  depends  upon  their  atoms  remaining  undivided^ 
Mr,  Daltpn  has  referred  to  (he  foHoyvin^  observations  of  Sir  Isaac  Newton : — 

*'  It  seems  probable  to  me  that  God  in  the  beginning  formed  matfer  in  solids 
massy,  hard,  impenetrable,  moveable,  particles,  of  such  sizes  and  figures,  and  with 
6ucii  other  properties,  and  in  such  proportion  to  space  as  most  conduced  to  the.ead 
far  which  $e  fgrmed  them;  and  that  these  primitive  particles  bo»ng  solids,  arc  in- 
comparably harder  than  any  i>orous  bodies  compounded  of  them;  even  so  very 
bard,  as  never  to  wear  or  break  in  pieces,  no  ordinary  power  being  able  to  divide 
what  God  himself  m:ide  oiio  in  the  first  creation.  While  the  particles  continue 
entire,  they  may  compose  bodies  of  one  and  the  same  nature  and  texture  iu  all 
ages:  but  should  they  wear  away,  or  break  in  piece?,  the  nature  of  things  de. 
pending  on  them  would  be  chan«red.  Water  and  earth,  composed  of  old  worn 
particles  and  fragments  of  partiples,  would  not  be  of  the  same  nature  and  texture 
now  with  water  and  earth  composed  of  eniire  particles  in  tiie  beginning.  And 
therefore  that  nature  may  ha  lastiijg,  the  change^  of  corporeal  things  are  to  be 
placed  only  in  the  various  separations  and  new  associations,  and  motions  of  these 
permanent  particles  ;  compounded  bodies  being  apt  to  break,  not  in  the  midst  of 
solid  particles,  but  where  those  particles  are  laid  together;,  and^rusts  only  iu  c^  ft^ 
iJoints,"— iforsfcy's  Ntvcton^  iv.  2G0,  * 
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obtained,  these  relative  weights  may  be  determined  with  greater 
precision. 

Some  objections,  however,  have  been  made  to  this  explanation  of 
the  phenomena  of  chemical  composition. 

L.  It  is  said  that  we  have  no  means  of  ascertaining  or  judging  of 
the  weight  or  the  magnitude  of  an  atom  of  any  element,  and  that 
any  supposed  relative  weight  gf  their  atoms  must  therefore  be  a 
mere  hypothetical  assumption,  from  which  no  satisfactory  conclusion 
can  be  drawn. 

It  is  true  we  can  never  expect  to  produce  any  of  these  minute 
divisions,  so  as  to  ascertain  their  relative  weights  by  balancing  them 
separately  in  scales.  But  if  we  may  be  allowed  to  compare  great 
things  \yith  small,  may  not  the  same  objection  be  made  to  the 
manner  in  which  the  relative  masses  of  the  planets  are  determined? 
These  are  by  their  great  magnitude  as  much  as  the  ultimate  divi- 
sions of  chemical  elements  are  by  their  extreme  minutepess,  beyond 
the  reach  of  the  ordinary  means  of  comparisoa.  The  n\eansj  how- 
ever, by  which  the  relative  masses  of  the  heavenly  bodies  have  bcea 
determined,  are  quite  as  satisfactory  as  if  they  had  been  weighed  in 
scales.  They  are  determined  by  the  observed  phenomena  of  the 
lieavens,  on  the  principle  that  these  phenomena  may  be  distinctly 
explained  by  supposing  the  masses,  distances,  and  attractions,  of  the 
different  bodies  in  question  to  bear  certain  relations  to  each  other* 
And  if  the  observed  phenomena  of  chemical  composition  can  be 
explained  by  supposing  the  weights  of  the  ultimate  divisions  of  che- 
mical elements  to  bear  certain  relations  to  each  other,  we  may  be 
equally  well  satisfied  that  such  relations  exist. 

2.  But  it  has  been  said  that  the  phenomena  of  chemical  compo- 
sition require  no  such  supposition,  that  we  may  with  as  much  con- 
sistency suppose  the  ultimate  divisions  of  all  elements  to  be  of  equal 
weight,  or  that  we  may  suppose  their  weights  to  bear  any  imaginable 
proportion  to  each  other.  Let  us  examine  how  far  such  suppositions 
are  consistent  with  the  observed  phenomena. 

If  we  suppose  the  atoms  of  all  elements  to  be  of  equal  weight,  we 
may  suppose  28  atoms  of  carbon  to  be  united  to  five  of  hydrogen  in 
the  composition  of  olefiant  gas  \  four  of  carbon  to  five  of  oxygen  in 
carbonic  oxide;  and  one  of  hydrogen  to  seven  of  oxygen  in  the 
composition  of  water. 

But  in  this  way  we  should  leave  the  agreement  in  the  proportions 
observed  by  Mr.  Dalton  quite  unaccounted  for.  And  if  the  pheno- 
mena of  chemistry  are  ever  to  be  reduced  into  a  system,  like  those 
of  astronomy,  surely  such  a  series  of  remarkable  agreements  mast 
be  considered  as  a  promising  clue  to  lead  to  the  true  theory. 

We  may  indeed  suppose  28  atoms  of  carbon  to  be  united  to  35 

*  of  oxygen  in  carbonic  oxide,  and  five  of  hydrogen  to  35  of  oxygen 

in  the  composition  of  water,  and  thus  exhibit  tibe  «  lent 

which  Mr.  Dalton  observed;  but  still  we  cannot  shoii  NBl- 

binations  any  reason  for  this  agreement. 

B€$ides,  if  we  attempt  to  fiin  *^M  oi  ^ 
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arrangement  of  28  atoms  of  carbon  combined  with  35  of  oxygen, 
we  find  it  very  confused  ;  and  hence  we  may  reasonably  doubt 
whether  nature  ever  forms  such  combinations.  Upon  Mr.  Daiion'i 
supjKwition,  however,  the  reason  for  the  figreements,  which  be  lias 
pointed  out,  is  obvious.  It  should  be  observed,,  that  the  agreement 
in  the  first  stated  combination  of  three  elements,  in  three  dltlerenl 
compounds,  is  quite  of  a  differeut  kind  from  that  of  the  conibina- 
tioa  of  multiples  of  the  same  elements.  If  no  two  combinations  of 
the  same  elements  had  ever  been  found,  the  combination  of  three 
elements,  as  observed  in  the  first  three  compounds,  might  still  hftve 
existed ;  and  Mr,  Dalton's  explanation  appears  to  be  the  only  one  to 
which  such  phenomena  can  be  referred.  Respecting  the  tburth  and 
fifth  compounds,  it  may  be  questioned  whether  the  relative  weight 
of  an  atom  of  carbon  may  not  be  2-S  instead  of  5-6,  and  one  atom 
of  carbon  be  united  to  one  of  hydrogen  in  the  composidoo  of  off- 
hureted  hydrogen,  and  one  atom  of  carbon  to  one  of  osygen  in  car- 
l«>nic  acid.  Upon  this  supposition,  then,  we  must  have  two  atoms 
of  carbon  united  to  one  of  hydrogen  in  olefiant  gas,  and  two  atoms 
of  carbon  lo  one  of  oxygen  in  carbonic  oxide. 

To  this  arrangement  Mr.  Dalton  offers  ihe  following  objections: 
I.  It  is  almost  universally  observed  in  chemical  compounds,  that 
the  most  simple  are  the  most  difficult  to  be  decomposed  ;  and  car- 
l)0Dic  oxide  being  much  more  difficult  to  be  decomposed  than  ear- 
l>onic  acid,  we  cannot  consistently  suppose  the  latter  to  be  the  most 
simple  in  its  composition.  If  we  attend  to  the  probable  mechanical 
actions  of  the  elementary  atoms  on  each  other,  we  may  receive 
additional  confirmation  of  this  principle  of  composition.  Id  the 
compression  of  elastic  fluids,  it  is  found  that  their  expansive  force 
is  nearly  in  proportion  to  their  density  ;  and  Sir  Isaac  Newton  has 
demonstrated  (I'rincipia,  lib.  2,  prop.  33,)  that  if  such  fiuidsare 
composed  of  p.irticlcs  mutually  repelling  each  other,  the  central 
distances  of  ilie  particles  are  reciprocally  as  the  cube  routs  of  the 
densities  of  the  fluids,  and  the  repelling  forces  of  the  particles  are 
xeciprocally  as  their  central  distances.  If  we  suppose  this  law  of 
repulsion  to  continue  the  same  after  chemical  union  as  before,  the 
union  of  two  or  more  particles  of  atoms  of  one  element  to  one  atom 
of  another,  cannot  be  so  strong  as  when  they  are  united  one  to  one. 
For  if  H  H  be  two  atoms  of  hydrogen 
attracted  by  C,  an  atom  of  carbon  j 
and  if  H  and  H  mutually  repel  each 
other,  they  will  assume  positions  dia- 
metrically opposite  to  each  other,  and 
their  attraction  to  C  will  be  dirriiniahed 
hy  their  mutual  repulsion.  Now  if  we 
suppose  A,  B,  D,  to  be  three  atoms  of 
hydrogen    united     to    C,    ihey    will      "   '  " 

assume  positions  at  equal  distances  from  each  other  round  C.  Draw 
the  diameter  D  E,  join  C  A,  E  A,  and  A  D,  and  draw  C  F  per- 
peadicular  to  AD.     The  Te\iu\s\oQ  ai  h.^Qta'tt  ■wfi.\«,^iw,\.M 
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than  it  would  be  if  A  were  at  £,  in  the  ratio  of  D  E  to  D  A ;  and 
by  the  compositioD  of  forces,  it  will  be  less  in  the  direction  of  C  A 
than  in  that  of  D  A,  in  the  ratio  of  A  F  to  A  C.  Bqt  A  D  £  and 
F  A  C  being  similar  triangles,  A  C  :  A  F  ::  D  E  :  D  A.  The  re- 
pulsion  of  A  from  D,  in  the  direction  C  A,  will  therefore  be  the 
same  at  whatever  point  in  the  circle  A  be  placed ;  and  the  repulsion 
of  A  from  B  in  the  dirisction  C  A  being  the  same  also,  each  of  the 
three  atoms  A,  B,  D,  will  be  repelled  from  C  with  twice  as  much 
force  as  when  only  two  atoms  are  united  to  C.  For  the  same 
reason,  when  four  atoms  are  united  to  C,  they  will  be  repelled  with 
three  times  as  much  force  5  and  so  oq  for  any  greater  number  of 
atoms  united  to  C. 

2.  In  chemical  compounds  it  is  generally,  if  not  universally^ 
observed,  that  an  increase  of  specific  gravity  is  a  consequence  of 
chemical  union ;  and  the .  specific  gravity  of  carbonic  acid  being 
greater  than  that  of  carbonic  oxide,  we  cannot  consistently  suppose 
the  latter  to  be  twice,  and  the  former  only  once,  compounded. 

3.  It  rarely  happens  that  bodies  of  low  oxidation  are  acid,  and 
those  of  high  oxidation  not  acid.  The  first  combination  of  a  body 
with  oxygen  produces  an  oxide ;  and  it  is  not  till  a  second  or  third 
addition  of  oxygen  is  made  that  the  characters  of  an  acid  are  found 
in  the  compound.  We  cannot,  therefore,  consistently  suppose  car- 
bonic acid  to  be  the  first,  and  carbonic  oxide  the  second,  combina- 
tion  of  oxygen  with  carbon. 

4.  In  c6mpariqg  the  various  compositions  of  carbon  with  other 
elements,  Mr.  Dalton  finds  that  the  combinations  of  the  different 
atoms  would  be  much  more  complicated,  as  well  as  inconsistent  with 
each  other,  if  the  relative  weight  of  an  atom  of  carbon  virere  sup- 
posed to  be  2 '8  instead  of  5*6.  ' 

It  is  obvious,  indeed,  that  the  agreements,  which  Mr.  Dalton  has 
pointed  out,  cannot  be  explained  by  any  arbitrary  assumption  of  the 
relative  weights  of  the  ultimate  divisions  of  chemical  elements^ 
which  enter  into  composition  with  each  other. 

The  same  reasoning  applies  to  all  compounds  where  the  same 
agreements  are  observed ;  and  the  number  of  these,  established  by 
some  of  the  best  chemists  of  the  present  and  former  tin^ies,  is  so 
great  that  it  is  not  easy  to  refuse  assent  to  the  generalization  of  Mr. 
Dal  ton's  principle  of  chemical  composition. 

It  is  true  there  are  several  compounds  which  appear  to  be  at 
vai'iance  with  this  principle.  But  if  we  consider  the  extreme  difii- 
culty  of  separating  the  elements  of  some  chemical  compounds,  and 
the  uncertainty  which  must  in  many  cases  remain  respecting  what  is 
or  is  not  elementary,  we  cannot  in  the  present  stat^  of  the  science 
reasonably  expect  all  the  appearances  to  be  distinctly  explained. 

When  these  things  <  'Hercd,  I  think  it  is  most  to  be  won- 

dered that  there  are  wt  em  exceptions  to  the  law  which  has 

been  unfolded  by^Mc* 

This  principle^  ap^  I  founded,  are  dlt<.clV^ 
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in  opposition  to  the  explanation  which  Berthollet  has  attempted  to 
give  of  chemical  affinity.  But  if  Berthollet's  opinions  with  regard 
to  the  effect  of  quantity  on  what  he  understands  to  be  the  relative 
forces  of  chemical  affinity  were  established,  not  only  Mr.  Dalton's 
observations,  but  almost  all  the  conclusions  of  chemists,  respecting 
composition,  would  be  overturned.  The  errors  of  Berthollet^  how- 
ever, have  been  distinctly  pointed  out  by  Proust  (Jour,  de  Phys.  lix. 
1804);  and  it  is  surprising  that  so  good  a  chemist,  and  so  accurate 
a  reasoner,  as  Berthollet^  should  have  mistaken  so  many  mechanical 
mixtures  for  chemical  compounds. 

The  agreements  observed  by  Gay-Lussac  in  the  relative  bulks  of 
gases  which  enter  into  combination  with  each  other  are  in  some  in- 
stances in  conformity  with  Mr.  Dalton's  observations  respecting 
their  relative  weights.  In  other  instances,  when  he  states  certain 
relations  to  exist  between  the  bulk  of  the  compound  and  its  ele- 
ments^ he  is  at  variance  with  Mr.  Dalton;  and  the  question  between 
them  can  be  determined  only  by  repeated  experiments. 

It  is  obvious,  however^  that  whatever  agreements  may  be  traced 
in  the  relative  bulks  of  the  elementary  gases,  all  such  proportions 
must  be  lost  when  the  gases  are  changed  into  fluids  or  solids. 

Mr.  Dalton's  explanation  has  the  advantage  of  not  being  affected 
by  the  specific  gravities  of  the  elements  or  of  the  compound ;  and 
it  applies  equally  to  gases^  fluids,  and  solids. 
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In  deducing  the  mean,  the  observation  on  the  noon  of  the  30th 
arid  (26th,  and  the  observations  on  the  evening  of  the  27tb,  28th, 
^29th,  and  30th,  are  rejected.  On  Sept.  26,  rain  fell.  On  the  27th, 
hard  rain,  with  thunder  and  strong  wind.  Sept.  29,  the  sky  waa 
very  black  in  the  west,  and  hard  rain  fell  afterwards.  Sept.  30^ 
rain. 

T>  •..  r«ii^«  < Between  noon  of  the  1st  Sept.)  ,.,/»«.     . 
Raw  fallen  J  ^^^^^  ^^^^  ^^  ^^^^  j^,  ^^^   ^  MOO  iccb. 

Evaporation  during  the  same  period 2*600 


Article  VIII. 

Some  Remarks  on  the  Theory  of'  the  Equilihrium  of  Radiant  Heai, 
and  on  some  Difficulties  started  against  that  Tlieory,  By  M.  P. 
Prevost,  Professor  of  Philosophy  at  Geneva.  * 

I.  In  the  Armals  of  Philosophy  for  May,  1815,  vol.  v.  p.  338, 
there  is  a  very  good  refutation  of  some  objections  to  the  theory  of 
the  equilibrium  of  radiant  heat.  The  objections  mentioned  by  the- 
author  of  that  memoir  (Mr.  Richard  Davenport)  are  three  in 
number. 

The  first,  extracted  from  the  new  Jldinburgh  £ncyclopttdia,  is 
announced  in  these  terms  :  ^^  On  this  hypothesis  a  hot  body  ought  to 
cool  more  slowly  when  it  is  placed  near  a  large  body  of  inferior 

♦  It  may  be  proper  to  state,  that  this  paper  was  drawn  up  by  ^ 
jPrencb  langpagr,  and  that  I  have  tnuislated  it  into  Eoj^li^h.— »T. 
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temperature  than  wiiec  near  a  small  one;  because  in  the  former 

case  it  must  receive  more  calorific  emahatloBS  than  in  the  latter." 

The  second  is  repeated  in  the  same  work  from  Mr..  Murray.  It 
is  drawn  from  the  dilTercnce  in  the  radiation  of  two  bodies,  whose 
surfaces  arc  different ;  such,  for  example,  as  a  roetalHc  surface  and 
a  blaekened  surface.  "  Of  different  surfaces  which  at  a  given  tem- 
perature radiate  different  quantities  of  caloric,  that  which  radiates 
least  must  be  least  powerful  in  returning  caloric  to  the  thermometer, 
and  must  therefore  have  least  effect  in  counteracting  the  reduction 
of  temperature."  And  in  applying  this  general  remark,  the  author 
of  the  objection  concludes  from  it,  that  if  the  theory  of  the  equili- 
brium were  true,  it  would  follow  that  the  blackened  surface  (wbich 
radiates  most)  ought  to  produce  a  less  degree  of  cold  than  the  me- 
tallic surface  (which  radiates  least). 

I  may  attempt  shortly  to  explain  what  is  merely  hinted  at  in  the 
objection  such  as  I  have  transcribed  it.  Two  bodies  colder  than  the 
TDpm  are  supposed,  I  conceive,  to  be  presented  to  a  thermometer, 
one  of  them  terminated  by  a  metallic  surface,  the  other  by  a  black- 
ened surface.  It  is  known  that  the  blackened  body  will  soonest 
acquire  the  temperature  of  tlie  place,  and  therefore  will  sink  the 
thermometer  most  powerfully  during  tlie  time  of  its  heating. 

The  author  of  the  objection  seems  to  think  that,  according  to  the 
theory  of  equilibrium,  the  contrary  ought  to  happen,  because  the 
black  !)ody  radiates  more  powerfully  than  the  metallic  surface ;  and 
^eause  this  radiation,  in  part  compensating  the  loss  whicii  the  ther- 
mometer experiences  from  its  own  radiation,  ought  to  be  most  effi- 
cacious In  that  of  the  two  bodies,  which  radiates  roust  abundantly. 

The  tliird  objection  is  likewise  by  Mr.  Murray.  It  is  drawn  from 
the  following  experiment.  A  conical  metallic  tube,  about  18  inches 
long,  one  inch  in  diameter  at  Its  narrowest  extremity,  and  five 
inches  at  its  widest,  polished  Internally,  so  as  to  make  a  good  re- 
flector, is  placed  in  a  horizontal  situation.  A  very  sensible  ihermo- 
ueter  is  placed  at  the  widest  end,  and  a  matrass  full  of  ice  at  the 
other.  The  thermometer  sinks  a  very  little.  The  experiment  is 
now  reversed ;  so  that  the  thermometer  occupies  the  narrow  end, 
while  the  matrass  is  placed  at  the  widest  extremity.  In  this  case 
the  thermometer  sinks  much  more  rapidly  than  in  the  preceding. 
This  appears  to  the  author  of  the  objection  incompatible  with  the 
theory  of  the'  equilibrium ;  doubtless  because  he  conceives  that  tlie 
calorific  rays  ought  to  be  condensed  in  the  second  situation  of  the 
tube,  and  thereby  render  the  cooling  of  the  thermometer  less  sen- 
sible. 

This  experiment  originated  with  Count  Rumford  (Memoir  on 
Heat,  1S04,  p.  !46)j  Hnd  he  proposed  it  as  a  proof  of  the  frigo- 
rifie  undulations,  which  he  admitted,  and  which  he  compared  to  the 
sonorous  waves.  This  objection  may  be  proposed  in  a  much  more 
,  simple  form.  In  a  place  where  the  temperature  is  uniform,  let  a 
^ibeiiDOmeter  be  presented  to  the  narrow  end  of  the  tube :  uo  ase 
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whatever  wiH  ensue.  Those  who  make  the  preceding  objection 
ought  to  be  astonished  at  tliis  result,  and  to  blame  the  theory  for 
sot  explaining  it. 

Maoy  other  objections  may  he  started,  and  have  indeed  been 
raised,  in  consequence  of  the  same  imperfect  and  erroneous  concep- 
tions. 1  sliall  only  mention  one,  which,  like  the  preceding,  has 
tinly  become  known  to  me  by  means  of  a  good  refutation. 

The  refutation  is  by  M,  Tremery,  who  has  inserted  It  ia  the 
Nouveau  Bulletin  des  Sciences  (Aout,  1813,  No.  71,  p.  323)  i  and 
the  objection,  the  author  of  whicli  he  does  not  name,  is  relative  to 
the  reflection  of  cold  by  means  of  two  concave  mirrors.  It  is 
known  that  the  theory  of  the  equilibrium  explains  the  result  of  this 
experiment  respecting  the  reflection  of  cold  with  the  same  facility 
as  it  does  the  reflection  of  heat.  It  is  needless  to  state  this  part  of 
Ibe  theory,  which  is,  I  believe,  pretty  generally  known. 
■  To  this  explanation  it  is  objected,  that  the  matrass  of  ice  or  snow 
placed  at  one  of  the  foci,  being  supposed  to  radiate,  ought  lo  send 
by  double  reflection  some  rays  to  the  thermometer  placed  in  the 
other  focus.  If  the  mirrors  were  withdrawn,  these  rays  would  be 
dissipated,  and  would  not  coinc  to  the  thermometer.  Therefore 
when  the  mirrors  are  removed,  the  thermometer  ought  to  sink,  and 
it  ought  to  rise  again  when  the  mirrors  are  replaced,  which  is  coit- 
trary  to  the  matter  of  fact. 

II.  These  objections  have  been  foreseen  and  refuted  long  ago,  in 
s  work  entitled  Du  Calorique  Rayonnant,  which  I  publiiihed  in 
1809  (at  Geneva  and  in  Paris;  Paschoud).  Some  of  them  are 
even  peculiarlv  answered,  particularly  that  otie  drawn  from  the  ex- 
periment with  the  conical  tube  (Da  C.ilorique  Rayonnant,  §  113). 
I  have  therefore  only  to  refer  lo  that  work.  But  as  philosophers 
occupied  with  this  subject  have  been  obliged  to  enter  into  consider- 
able details  In  order  to  get  rid  of  these  difficulties,  started  frequently 
without  any  regard  to  the  previous  solutions  of  them,  it  will  not  be 
without  utility  to  state  here  as  simply  as  possible  the  principles  on 
which  the  theory  depends,  and  on  which  the  answers  lo  these  objec- 
tions depend.  These  principles  are  at  bottom  ihe  same  as  those 
explained  by  Messrs.  Tremery  and  Davenport;  and  1  shall  state 
them  more  shortly,  and  perhaps  more  generally. 

).  I  suppose  that  cuni^tiiution  of  caloric  which  agrees  best  with 
the  phenomena  of  radiation  to  be  known  and  admitted.  It  is  a  dis- 
crete fluid,  every  particle  of  which  moves  rapidly  In  a  straight  line. 
These  particles  go,  one  in  one  direction,  and  another  in  another; 
so  that  eveiy  sensible  point  of  the  hot  space  is  a  centre,  from  which 
depart,  and  to  which  arrive,  rows  of  particles  or  calorific  rays. 

2.  A  reflector  in  a  place  of  uniform  temperature  sends  neither 
more  nor  fewer  calorific  rays  than  another  body. — In  fact,  the  re- 
flector will  not  be  called  of  the  temperature  of  the  place  till  the 
assertion  which  I  have  just  made  be  verified:  ■■"''  in  a  short  time 
iiliis  cannot  fall  to  happen  from  the  laws  of  t  im  of  heat. 

As  to  the  thcrmometrlcal  etfeci,  it  is  of  n  •      ■     ■ 
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the  rays  passing  from  the  body  be  traDsmitted  (that  is  to  say,  ema- 
nated froQi  the  interior  of  the  body,)  or  reflected.  If  the  reflector 
is  perfect,  the  whole  current  is  composed  of  reflected  rays ;  if  it  is 
imperfect,  it  is  composed  of  reflected  and  transmitted  ntys. 

The  most  convenient  way  of  representing  to  oneselif  an  imper- 
fect reflector  is  to  conceive  its  surface  decomposed  into  two  parts, 
one  of  which  is  a  perfect  reflector,  while  the  other  does  not  reflect 
at  all.  ' 

We  must  here  apply  the  laws  of  the  reflection  of  light.  In  par- 
ticular we  must  observe  that  the  surface  reflects  inwards  as  well  a» 
outwards. 

3.  Every  calorific  ray  which  a  body  sends  by  emission  or  by  re- 
flection, only  replaces  another  ray,  which  would  take  the  same 
direction  if  the  body  were  withdrawn.*  This  is  a  necessary  result 
of  the  constitution  of  caloric;  for  whatever  be  the  direction  of  the 
rays  emitted  or  reflected,  there  is  one  which  follows  the  same  route, 
and  which  the  body  intercepts. 

4.  It  follows  from  this,  1.  That  in  a  place  of  uniform  tempera- 
ture, a  reflector  of  whatever  form  does  not  affect  a  thermometer 
subjected  to  its  influence.  2.  That  if  it  reflect  rays  emanated  from 
a  body  more  or  less  hot  than  the  place,  it  will  raise  or  depress  re- 
f  pectively  the  thermometer  subjected  to  its  influence. 

III.  The  application  of  these  principles  to  the  objections  detailed 
ofiers  no  difiicuity.  Let  us  take  for  an  example  the  first  two  objec- 
tion^stated  in  the  New  Edinburgh  Encyclopaedia, 

1.  A  hot  body,  it  is  said,  ought  to  cool  slower  before  a  large  cold 
body  than  before  a  small. 

The  objector  forgets  that  each  of  the  rays  which  the  cold  body 
sends  merely  replaces  the  ray  which  the  cold  body  intercepts.  The 
intercepted  ray  being  hotter  than  that  which  comes  in  its  place,  it  is 
easy  to  see  that  the  more  of  these  substitutions  take  place  (or,  in 
other  words,  the  larger  the  cold  body  is)  the  greater  will  the  cooling 
effect  be. 

2.  Two  bodies,  the  one  with  a  metallic,  the  other  with  a  black- 
ened, surface,  are  presented  to  a  thermometer.  It  is  alleged  that 
the  blackened  body  ought  to  cool  the  thermometer  least,  because  it 
radiates  most. 

Here 'the  objector  has  not  thought  of  the  portion  of  radiant  heat 
which  these  bodies  give  out  by  reflection.  This  portion  is  not 
changed  by  the  change  of  temperature  of  the  body.  It  subsists 
quite  entire.  The  portion  emitted  only  is  diminished.  Therefore 
by  the  same  diminution  of  temperature,  tltat  one  of  the  bodies 
which  emits  the  most  (the  blackened  surface)  ought  to  radiate  least; 
that  one,  on  the  contrary,  which  is  the  best  reflector  (the  metallic 
surface)  ought  to  radiate  most,  which  is  conformable  to  experience. 

.•  *  It  is  to  be  understood  that  w^  speak  of  a  hot  place,  that  is  to  ^ay,  where 
calorio  radiates.  If  the  intercepting  body  is  of  the  same  temperature  with  the 
place,  the  ray -which  it  replaces  is  equal  to  itself.  If.  not,  this  ray  or  row  of 
particles^  is  more  or  less  abundant  in  caloric. 
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This  is  explained  in  the  work  cited  above.  (Du  Calorique  Rayon« 
nant,  §  121.) 

A  good  method  of  judging  of  this  ieifect  is  to  take  an  extreme 
case^  Let  us  suppose  the  body  to  be  a  perfect  reflector.  In  this 
case  the  internal  cooling  of  the  body  would  make  no  alteration  in 
its  radiation.  The  thermometer  exposed  to  its  influence  would  not 
be  affected  -by  it.  In  fact,  before  the  cooling,  the  .temperature 
being  uniform^  the  body  would  radiate  by  reflection,  and  this  radia- 
tion would  be  precisely  equal  to  that  of  all  the  bodies  in  the  same 
place  :  and  since  it  is  supposed  a  perfect  reflector,  it  would  not  emit 
any  heat.  Every  thing  continues  the  same  after  the  interior  cooling 
of  this  reflecting  body. 

I  confine  myself  to  these  two  objections.  They  are  suflicient  for 
pointing  out  the  method  of  answering  all  the  others. 

Thus  it  appear^  that  in  order  to  be  able  to  refute  objections  of  this 
nature.,  nothing  more  is  necessary  than  to  understand  well  the 
theory  against  which  they  are  made.  Those  who  have  been  struck 
with  these  objections  without  sufficiently  examining  this  theory ; 
and  in  particular  the  celebrated  philosophers  who  have  given  them 
weight  by  inserting  them  in  their  works,  will  probably  find  it  just 
and  useful  to  insert  also  the  answers  to  them,  if  they  appear  to 
them,  as  they  do  to  me,  perfectly  satisfactory. 

IV.  It  is  doubtless  very  useful  that  the  objections  which  occur  to 

{philosophers  against  a  probable  theory  should  be  explained  at  some 
ength,  and  laid  before  those  who  are  examining  that  theory.  The 
consequence  is  a  discussion  which  must  be  of  advantage  to^the  side 
of  truth.  It  is  therefore  always  with  a  kind  of  gratitude  that  I  meet 
with  such  objections  against  the  equilibrium  of  heat :  and  I  expe- 
rience a  kind  of  dissatisfaction  when  I  meet  with  mere  indications 
of  some  difficulty,  without  its  being  possible  for  me  to  divine  in 
what  they  consist.  Time  is  lost  in  seeking  for  them.  One  runs  the 
risk  of  being  deceived ;  and  it  may  easily  happen  that  when  we 
think  we  are  untying  the  knot,  we  are  only  pursuing  useless  re-^ 
searches  without  an  object.  In  my  Treatise  on  Caloric  (p.  93,  note) 
1  have  given  an  example  of  this  kind  of  uncertainty. 

More  recently  I  have  been  in  an  equal  state  of  uncertainty  or 
reading  a  note  in  p.  105  of  the  excellent  work  of  Dr.  Wells  on 
Dew.  Few  works  have  so  much  interested  me;  few,  I  believe, 
show  more  completely  the  genius  for  observation  and  the  love  of 
truth.  I  could  not,  therefore,  be  indifierent  to  the  opinion  of  so 
distinguished  an  author  respecting  an  explanation  connected  with 
the  theory  of  the  equilibrium  of  beat,  which!  still  consider  as  cor- 
rect.   The  note  to  which  I  allude  is  as  follows : — 

'^  I  once  intended  to  add  here  an  explanation  of  some  curious 
observations  by  M.  Prevost,  of  Montauban,*  on  dew,  which  were 
published  first  by  himself  in  the  44th  No.  of  the  French  Annals  of 

•  The  antlror  has  ioief  Bjon  iqKtead  of  MootaubaD.    I  have  cor- 

rected Uiii  ili^^ht  nistokih 
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Cbemislryi  and  afterwards  liy  M.  Prevost,  of  Geneva,  in  his' ^ 

on  Radiant  Heat;  but,  fearing  to  be  very  tedious,  I  have  sinoe 
given  up  the  design.  1  will  say,  however,  that  if  to  what  is  mm 
generally  known  on  the  different  mode.s  in  which  heat  is  comiDuni* 
caled  from  one  body  to  another,  be  added  the  two  following  circum- 
stances, that  substances  become  colder  than  the  air  betbre  they 
attract  dew,  and  lliat  bright  metals  when  exposed  to  a  clear  sky  at 
night  beeume  colder  than  the  air  much  less  readily  than  other  bo- 
dies, the  whole  of  the  appearances  observed  by  M-  Prevost  may  be 

la&iiy  accounted  for." 
Dr.  Wells  having  under  his  inspection  my  treatise  on    radiaat 

leat,  the  principles  of  which  he  has  adopted,  could  not  but  have 
read  my  explanation  of  the  curious  phenomena  observed  by  my 
relation,  aud  which  this  last  Gentleman  has  adopted.  Since,  then, 
in  the  above  note,  (he  author  speaks  of  the  explanation  of  these  phe- 
nomena as  still  to  seek  for,  it  would  seem  that  mine  did  not  appear 
satisfactory  to  him.  It  is  impossible  for  me  to  divine  what  fault  he 
finds  with  it ;  and  I  mention  the  subject  here  in  order  to  he  informed 
of  tbL*!  particular,  and  to  draw  the  attention  of  philosophers  toil. 
What  embarrasses  me  most  is,  that  my  explanation  is  founded  od 
the  very  same  principles  which  the  author  announces  would  have 
heen  his  own.  Though  this  subject  be  known  and  explained  in 
works  within  the  reach  of  every  man  of  science,  J  trust  1  shall  be 
excused  for  dwelling  upon  it  a  little  here. 

The  phenomenon  is  this.  Two  masses  of  air  of  unequal  tempe- 
ratures being  separated  from  each  other  by  a  plaie  of  glass,  if  we 
apply  a  leaf  of  metal  on  one  of  the  faces  of  the  glass  fdate,  the 
face  opposite  to  ibis  leaf  attracts  or  repels  humidity  according  as  the 
metallic  leaf  is  on  the  hot  or  the  cold  side  respectively,  The  ex- 
planation consists  in  conceiving  the  naked  side  of  the  glass  thus 
covered  as  a  vessel  (hw  poete)  destined  to  be  dried,  and  the  metal  as 
a  screen.  If  the  screen  is  put  upon  the  hot  side,  the  vessel  cools, 
and  humidity  accumulates  on  the  naked  glass  on  the  cold  side.  If 
the  screen  is  on  the  cold  side,  it  prevents  the  heat  from  being  dissi- 
pated after  traversing  the  glass,  and  consequently  the  vessel  be- 
comes hot,  and  the  humidity  disappears  from  the  naked  glass  on  the 
hot  side.  1  found  this  explanation  on  the  property  which  metal  has 
of  reflecting  seven  or  eight  times  more  caloric  than  glass.  (Du 
Calorique  Rayonnant,  §§  195,  et  suiv.)  If  any  attention  be  paid 
to  this  subject,  it  will  be  seen  that  the  principles  of  this  explanatioB 
difTer  in  nothing  from  those  of  Dr.  Wells.  But  no  doubt  he  em- 
ploys them  in  a  difi'erent  way  from  mc ;  and  1  am  really  impatient 
to  know  in  what  this  difference  consists. 

V.  I  have  nothing  further  to  say  on  the  principal  object  of  this 
memoir,  which  was  to  reduce  to  very  simple  principles  the  ai»wer 
to  some  objections  against  the  equilibrium  of  heat.  But  I  shall  take 
an  opportunity  of  making  a  remark  on  a  set  of  experiments  con- 
nected with  this  theory,  published  by  M.  Ruhlnnd  in  the  Jottr.  de 
.  Fhya.  for  Nov.  ItiiS.    A  part  of  these  experiinents  proves  A' 
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fbe  equilibrium  of  heat  in  a  state  of  upiform  temperature^  as  the 
'author;  himself  has  observed.  In  fact,  th^se  experiments  show  us 
the  evaporation  pf  camphor  by  the  radiation  of  diflferent  bodies  pro- 
portionarto  the  greater  or  smaller  disposition  of  these  bodies  to 
radiate,  even  when  the  temperature  is  uniform  ;  or,  in  other  terms^ 
even  when  the  equilibrium  of  caloric  exists.  Hence  it  follows  that 
radiation  exists  even  in  this  state  of  equilibrium.  This  direct  expe- 
^riment  seems  to  confirm  in  a  satisfactory  manner  the  numeroi^ 
arguments  in  favour  of  the  theory  of  the  equilibrium  of  heat. 
.  vTbe  memoir  of  M.  Ruhland  contains  several  other  interesting 
facts,  which  appear, to  me  to  flow  directly  from  the  general  laws  of 
heat.  For  example,  lamp-black,  which  is  known  to  be  one  of  the 
-most  powerful  radiators  of  heat,  sublimes  or  evaporates  camphor 
very  rapidly.  But  if  a  metallic  plate  is  placed  over  the  lamp-blacky 
the  evaporation  is  immediately  retarded.  The  caloric  of  the  inferior 
strata  is  intercepted  by  this  screen,  or  by  this  change  of  medium. 

I  do  not  choose  to  enter  into  further  details  on  this  subject,  which 
is  beyond  the  particular  point  of  theory  that  I  was  anxious  to  illus- 
trate* 


Article   IX. 
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^  Hints  for  establishing  an  Office  in  Newcastle  for  collecting  and 
recording  authentic  Information  relative  to  the  State  of  the  CoU 
lieries  in  its  Neighbourhood^  and  the  Progress  that  has  been  made 
towards  ascertaiiiing  the  Nature  and  Constitution  of  the  Strata  below 
those  Seams  to  which  the  Workings  in  this  Country  liave  been  con" 
fined.  By  Wm.  Thomas,  Esq.  Fo  which  care  added  Observations 
on  the  Necessity  of  adopting  legislative  Measures  to  diminish  the 
probability  of  the  recurrence  of  fatal  Accidents  in  Collieries^  and  to 
prolong  the  Duration  of  the  Coal  Mines  of  the  United  Kingdoms* 
jBy  Wm.  Chapman,  Esq.  Civil  Engineer.  Being  two  Essays  read 
at  a  Meeting  of  the  Literary  and  Philosophical  Society  of  New- 
tfastle-upon-Tyne^  and  published  by  order  of  the  Society.     1815. 

This  pamphlet  contains  a  proposal  to  establish  a  Society  in  New- 
jcastle-iipon-Tyne,  by  whom  all^  the  facts  respecting  the  collieries  on 
the  Tyne  and  Wear  are  to  be  collected  and  registered.  When  a 
colliery  is  abandoned,  an  exact  plan  of  it  is  to  be  constructed,  ex- 
hibiting those  parts  in  which  the  coals  faavie  been  wrought  out,  and 
those  in  which  they  have  been  abandoned.  The  consequence  of 
jthis  plan  would  be  that  by  degrees  a  complete  knowledge  of  all  the 
underground  workings  would  be  acquired.  It  is  obvious  that  all  the 
fibandoned  collieries  must  be  filled  with  wai  ~  that  unless  s^n 

isxact,  knowledge  of  them  is  obtained,  it  tme  more  and 

inoQre  difficult  every  year  to  sink  new  pits*  '  hC;  thn^  naust 
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come  when  the  mining  for  couls  must  be  abandoned  altogether,  lot 
want  af  such  knowledge.  Mr.  Chapman  gives  examples  of  greM 
expense  already  incurred  in  vain,  merely  from  not  knowing  what 
part  of  the  coal-bed  had  been  wrought  out.  But  when  the  whole 
high  main  shall  have  been  exhausted,  it  will  be  necessary  to  have 
leeourse  to  the  low  main.  Now  this  will  be  hardly  po?:>ible  without 
an  exact  knowledge  of  the  workings  of  the  high  main.  Here  and 
there  considerable  bodies  of  coal  are  left  for  the  aufety  of  the  minen 
and  the  good  of  the  mine.  Through  these  bodies  it  would  be  pos* 
sibie  to  penetrate  to  the  low  main  without  the  risk  of  being  inun- 
dated by  water ;  but  this  cannot  be  done  unless  the  exact  position 
of  these  bodies  of  coal  be  known. 

Mr.  Chapman  has  shown  that  such  a  plan,  though  absolutely 
tiecessary  for  the  good  of  the  country,  can  never  be  executed  with- 
out the  interference  of  the  Legislature.  Indeed  this  is  sufficiently 
obvious.  Tlie  proprietors  of  the  collieries,  from  mistaken  views  of 
self  interest,  are  anxious  to  conceal  every  fact  which  they  obsnre 
from  the  public.  Hence  it  is  quite  obvious  that  they  will  nev»-  of 
their  own  accord  form  such  a  society  as  is  described  in  the  pan>phl<t 
before  us;  and  tliat  if  such  a  society  be  formed  by  others,  they  will 
communicate  no  information  to  it  unless  compelled  by  an  Act  of 
Pacliament.  As  to  the  coal  viewers,  they  appear  to  be  averse  to  all 
publicity  and  all  changes  in  the  present  mode  of  woiking  the  col- 
lieries. This  I  conclude  from  a  fact  which  1  certainly  should  not 
have  believed  a  priori.  Though  several  hundred  colliers  lose  their 
lives  every  year  by  explosions  of  carbureted  hydrogen,  and  tbougb- 
they  have  been  expressing  a  great  anxiety  to  discover  a  mode  of  dcr 
atroying  this  gas,  not  one  of  them  has  ever  thought  of  trying  tlis 
lamp  of  Dr.  Heid  Clanny,  of  Sunderland,  though  a  model  of  it  has 
been  witliin  their  inaction  for  aevcral  years,  and  though  there 
e'arinot  be  the  least  doubt  that  it  would  effectually  prevent  all  such 
accidents.  They  may  perhaps  allege  that  it  is  more  expensive  than 
the  present  mode  of  lighting  the  mines.  I  should  like  to  know  at 
what  they  estimate  the  lives  of  300  or  400  men  ;  or  what  additional 
expense  to  the  country  It  is  to  support  the  widows  and  children  of  so 
many  workmen  that  have  perished  in  their  service,  because  they  did 
not  choose' to  increase  the  expense  of  lighting  their  mines.  But 
aettiBg  (his  aside,  if  we  consider  the  damage  often  done  by  these 
explosions,  and  the  money  requisite  to  put  the  mine  in  order  again, 
I  am  not  sure  if  the  difference  of  expense  would  not  lie  in  favouf' 
of  Dr,  Clanny's  lamp.  Besides,  nothing  would  be  more  easy  than 
to  substitute  coal  gas  for  oil ;  and  a  small  steam-engine  might  easiljr 
be  made  to  supply  all  the  lamps  with  the  requisite  quantiiy  of  air. 
Such  a  substitution  would  make  the  lamps  cheaper  than  the  present 
mode  of  lighting  the  mines ;  and  it  would  have  the  unspeakable 
advantage  of  preventing  all  deaths  from  the  explosion  of  carbureted 
hydrogen  gas.  What  excuse  or  apology  can  the  proprietors  of  tlni 
mines  and  the  coal-viewers  make  for  never  having  made  a  airi|  ' 
attempt  to  improve  the  present  wretched  and  atawra  mode  of 
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ing  their  mines  after  other  and  better  methods  have  been  sugg^tej 
to  them  ?  One  would  be  tempted  to  suppose  thera  entirely  regard- 
less oPthe lives  of  their  workmen.  ' 

The  liherary  and  Philosophical  Society  of  Newcas tie- upon -Tynlj 
should  npply  to  the  county  memhers  of  Northumberland  and  Duiw 
ham,  and  to  the  different  members  for  boroughs  within  these  couo^ 
ties,  to  lay  the  case  before  the  House  of  Commons,  and   represent 
the  necessity  of  legislative  interference  in  order  to  preserve  to  tha 
country  the  great  Ijenefits  arising  from  the  collieries  on  the  Tyne  an^ 
Wear.     There  can  be  no  doubt  that  an  Act  of  Parliament  woultt 
be  readily  procured,  establishing  an  institution  similar  to  that  pro^  i 
posed  in  the  pamphlet  before  us.     It  would  be  better  that  no  feci  | 
were  exacted  for  liberty  of  inspecting  the  plans,  or  at  least  they   ' 
should  be  trifling ;  for  such  things  are  extremely  liable  to  be  abused/  | 
and  to  deHroy  th«  object  in  view. 

In  alt  parts  of  Europe,  where  mining  has  been  carried  to  a  greatf  ■ 
degree  of  perfection,  it  has  been  under  the  inspection  and  controuf  1 
of  Government.  That  coal-mines  shuuld  be  in  this  predicament  J 
and  that  exact  plans  should  he  preserved  of  all  the  excavations,  aod^  1 
of  alt  the  coals  left,  is  too  obvious  to  require  any  Hlustration.  )  T 

-  t-J 
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ROTAt,    INSTITUTB  OP    FRANCS.  •'• 

Account  of  the  Labours  of  the  Clas^  of  Mathematical  and  PhysiaS 
Sdences  of  the  Royal  Institute  of  France  during  theYear  Im'^.    ' 

I,  Physical  Departraeal.    By  M.  le  Chevalier  Cuvicr,  PerpetuaS 
Secretary, 

(Contimi^  from  p.  SS9.) 

M.  Risso,  author  of  the  Ichthyolc^v  of  Nice,  has  sent  to  tht 
Class  a  supplement  to  that  work,  in  which  he  describes  several  fishef 
that  he  was  not  acquainted  with  svhen  he  published  his  work.  Soma 
of  these  are  very  interesting,  by  the  peculiarities  of  their  character^ 

M.  I^nmouroux  has  extended  and  completed  his  great  work  oa-  ' 
tbe  polypi  history,  of  which  we  have  spoken  two  years  ago,  and  i^ 
is  to  be  hoped  that  be  n-ill  soon  publish  it.  : 

■  M,  Mageadie's  fine  experiments  on  vomiting  will  be  recollected^ 
and  the  invitation  by  the  Clasps  to  esamine  the  part  which   the    ■ 
<Hsophagus  may  have  in  this  disorderly  movement  of  the  stomacb^ 
Though  these  researches  have  not  yet  led  to  a  ducisive  result,  llie^  ' 
appeared  to  him  sufficiently  interesting  to  be  comirimic 
-.il^e  :»lKlOUfi  .(jwtrBctioos  and  relaxations  of  the 
■ft  2  B  2 
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Appear  to  him  to  take  place  only  in  the  lowest  third  of  it,  where  it 
is  chiefly  excited  by  the  nerves  of  the  eighth  pair.  The  contraction 
increases  much,  and  continues  a  longtime,  when  the  stomach ii 
full.  When  the  oesophagus  is  cut  and  detached  from  Itie  diapIirafciH) 
the  injection  of  tartar  emetic  into  the  veins  does  not  produce 
vomiting  :  its  introduction  into  the  stomach  becomes  necessary. 

M.  Delpech,  Professor  of  Surgery  at  Montpellier,  has  sent  a 
memoir  to  the  Class  on  the  hospital  sore,  a  kind  of  gangrene  whicli 
affects  the  sores  when  the  wounded  patients  are  too  numerous.  He 
has  ascertained  that  this  dreadful  malady,  of  which  few  practitioners 
have  spoken,  is  produced  by  a  local  cootagion.  It  is  propagated  by 
the  linen,  the  charpee,  and  the  instruments.  Its  progress  is  slower 
when  the  patients  can  be  exposed  to  a  current  of  air.  The  most 
aiinuie  attention  to  cleanliness  is  necessary  to  prevent  it  from 
spreading.  But  the  only  true  remedy,  according  to  M.  Delpech, 
is  the  application  of  the  actual  cautery  to  the  parts  affected  with  it. 

Some  years  ago  M.  Mauuoir,  surgeon  in  Geneva,  sent  a  memtur 
on  the  advantages  of  the  method  of  amputation  invented  in  Eng- 
land, and  which  consists  in  cutting  the  skin  lower  down  than  the 
bone  and  the  muscles,  so  as  to  preserve  a  siifhcient  quantity  to 
cover  the  stump,  by  bringing  it  immediately  in  contact. 

M.  Koux,  surgeon  at  Paris,  has  presented  a  memoir  on  the  same 
subject,  in  which  he  has  shown  from  his  own  experiments  that  this 
method  diminishes  the  sufferings  of  the  patient,  that  it  prevents 
hemorrhages  and  suppuration,  that  it  greatly  accelerates  the  cure 
of  the  sore,  and  that  it  leaves  the  stump  in  a  more  convenient  state, 
and  subject  to  fewer  accidents.  He  points  out  the  precautions  neces- 
sary to  avoid  some  inconveniences  ascribed  to  it  l)y  those  who  per- 
formed it  ill,  and  particularly  to  afford  the  blood  and  pus,  if  any  be 
formed,  a  sufficient  passage.  M.  Percy,  our  associate,  who  erU- 
ployed  it  since  his  youth,  and  who,  as  he  informs  us  himself,  bat 
had  the  melancholy  advantage  of  amputating  more  limbs  than 
perhaps  any  surgeon  that  ever  existed,  expresses  strongly  in  his 
report  his  wish  that  the  memoir  of  M.  Roux  may  soon  render  so 
useful  a  process  general. 

Two  young  surgeons  of  Paris,  MM.  Lisfrand  and  Champenne, 
have  made  known  their  method  of  amputating  the  arm  at  its  upper 
joint,  one  of  the  most  difGcult  operations  in  the  surgical  art.  By 
making  the  instrument  penetrate  under  the  two  eminences  of  the 
omoplale,  called  acromion  and  coracoid  process,  they  reach  directly 
the  capsule  of  the  joint,  and  terminate  the  operation  more  quickly 
than  by  any  of  the  methods  employed  before  them. 

M.  de  Saissy,  surgeon  at  Lyons,  hae  cured  several  ^af  people  by 
4njcctions  into  the  cavity  of  the  tympanum,  through  the  tube  of 
Kustachius.  He  has  sent  to  the  Class  an  account  of  his  method,  and 
the  history  of  the  cures  which  he  has  performed. 

The  treatise  on  poisons  byM.  Orfila,  of  which  we  announced  the 
$rst  volume  In  our  last  year's  report,  has  been  continued,  and  the 
second  rolume  submitted  to  iVe  Oas-i  i.a  manuscn'pt.     It  trca        "" 


trcm^^ 


1815.]  Royal  Institute  of  France.  3881 

the  deleterious  effects  of  preparations  of  tin,  zinc,  silver,  gold,  pf 
the  concentrated  mint.-ra]  acids,  the  caustic  allialies,  phosphorus 
cantharides,  lead,  and  iodine;  together  with  an  appendix  on  the 
antidotes  of  corrosive  sublimate  and  arsenic.  The  author  explaibs 
with  care,  and  from  new  and  exact  experiments,  the  physiologit|il 
effects  of  these  substances,  whether  swallowed,  or  injected  into  th6 
veins. 

Milk,  according  to  M.  Orfila,  is  the  antidote  to  muriate  of  tio^^ 
common  salt,  to  nitrate  of  silver  or  lunar  caustic  ;  calcined  mag^fl 
nesia,  to  the  acids,  provided  it  be  administered  very  quickly  j  tlfj 
sulphates  of  soda  and  magnesia,  when  taken  in  great  quantity  aai 
repeatedly,  stop  the  effects  of  the  salts  of  lead  and  baryies ;  and  ace^ 
acid  is  the  remedy  against  the  action  of  the  alkalies.  \ 

M.  Orfila  shows  that  charcoal,  which  had  been  recommend^^'^ 
against  corrosive  subliftiate  and  arsenic,  has  no  effect.  It  is  of  gretf^J 
importance  to  know  the  inefficacy  of  a  remedy  against  evils  so  raj^  'I 
that  there  is  no  time  to  bestow  upon  them  any  thing  useless.  \  W 

M.  Huzard  has  carefully  informed  the  Class  of  the  progress  aB^il 
teripination  of  that  terrible  disease  which  has  destroyed  most  of  tbf  J 
horged  cattle  in  those  provinces  into  which  the  war  brought  i^>1 
ravages.  It  is  a  bilious  and  putrid  fever,  very  contagious,  whici^  f 
though  it  does  not  exist  in  Hungary,  is  always  produced  when  the  I 
cattle  of  that  country  are  carried  to  adiatance  in  tlie  train  of  armiev  ' 
The  total  interruption  ui  communication  was  the  only  efficacious  J 
preservative  ;  hut  no  remedy  was  capable  of  saving  the  individual  I 
attacked.  Fortunately  (heir  flesh  was  not  unhealthy,  which  dimi^  I 
nished  a  little  the  ruin  of  their  proprietors. 

The  same  member  has  read  a  notice  on  a  disease  which  had  broken  I 
out  among  the  cattle  in  the  village  of  Uosny,  and  which  different  ] 
circumstances  led  the  people  to  consider  as  hydrophobia.  He  ascetv  j 
(ained  that  it  was  only  a  gangrenous  quiiicy.  -  r   I 

M.  le  Marquis  de  Cubieres,  correspondent,  has  composed  a  worl^  I 
the  manuscript  of  which  he  has  submitted  to  the  Class.  It  treats  o{  I 
the  culture  of  those  gardens  which  we  call  improperly  Engtish  [ 
gardens,  though  the  celebrated  comic  actor  Dufresny  passes  for  I 
having  presented  the  first  model  of  them  to  France  towards  the.  end  \ 
of  the  seventeenth  century.  The  author  collects  all  the  aids  of  J 
botany  and  natural  philosophy  to  an  an,  which  has  long  amused  hv  I 
leisure  hours,  and  explains  ihem  in  the  elegant  style  naturally  in-* 
spired  by  his  subject,  and  suitable  to  those  to  whoni  chiefly  he  4 
destines  his  book. 

M.  Tollard)  farmer  and  merchant  at  Paris,  has  proposed  somt  * 
compositions  of  artificial  meadows,  formed  of  certain  plants  which 
he  associates  in  consequence  of  the  habit  that  they  have  of  growing 
together,  and  with  a  view  to  the  different  soils,  and  to  thequalitiu 
which  tiiese  plants  communicate  to  the  buy.  These  ^'roupes 
quire  to  be  tried  for  some  years  before  they  can  be  recommeudedfii 
practice. 

•   The  same  author  has  presented  a  history  of  the  useful  ve^et&la\«d 
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which  have  been  introduced  wiihin  these  ten  years  into  French 

agriculture ;  and  a  particular  memuir  on  the  dahlia,  a  plant  newly 

tpread  over  our  gardens.    Us  flower  constitutes  a  fine  ornament,  and 

}ts  roots  are  larger,  and  almost  as  good  for  food  as  those  of  ibe 

potatoe. 

Among  the  buds  of  trees  there  are  some  which  do  not  spread  out 
with  the  others,  and  which  are  called  dead  eyes,  but  which  should 
rather  be  called  steeping  eyes ;  for  they  may  be  brought  out  of  that 
lethargy  even  after  it  has  continued  for  several  years.  It  is  generally 
owing  to  ihe  tendency  of  the  sap  to  go  to  the  superior  buds,  and  to 
elongate  them  into  great  branches,  'l^e  lower  buds  by  this  means 
are  deprived  nf  the  nourishing  fluid.  This  is  no  inconvenience  ia 
the  trees  destined  merely  to  produce  wood  or  to  furnish  shade.  But  in 
fruit-trees  in  which  we  wish  to  dispose  of  the  branches  in  a  -ceftain 
order,  we  are  sometimes  obliged  to  put  grafts  in  the  places  whil^b  the 
■dead  eyes  occupy,  a  method  both  tedious  and  uncertain.  M.  Marion 
de  la  Martiniere  has  practised  a  simpler  and  more  successful  method. 
It  is  to  make  a  small  cut  above  the  dtad  eye  in  form  of  a  V  reversed, 
and  as  deep  as  the  alburnum.  By  thus  stopping  the  progress  of  the 
ascending  sap,  it  is  obliged  to  develope  the  bud,  or  to  produce 
others, 

We  may  likewise  reckon  among  the  labours  of  the  Class  in  agri- 
culture ihe  memoirs  on  the  ^Hni^h  sheep  called  merinos,  by  MM; 
Tessier  and  Yvard ;  the  description  of  the  practical  school  of  agri- 
culture, by  M,  Thouin  ;  and  (he  essay  of  a  rural  code,  by  M.  de 
la  Bergerie,  correspondent.  But  as  these  books  have  been  published 
for  several  months,  it  is  only  necessary  to  mention  their  titles. 

A  contrary  reason  induces  us  to  make  some  observations  on  a 
considerable  work  which  M.  de  Lasteyrie  du  Saillant  lias  presented 
to  ihe  Class,  on  all  the  branches  of  agriculture,  and  of  the  tu nil 
and  domestic  economy  of  the  Chinese.  It  is  collected  from  all  the 
authors  who  have  written  on  China,  and  embellished  by  a  great 
number  of  figures  drawn  in  China,  and  by  Chinese,  in  which  ard 
represented  all  the  proceedings  of  their  industry,  and  all  the  instru- 
ments which  they  employ.  This  great  empire,  in  which  an  ini- 
tnense  population  is  entirely  sup|X)ried  by  agriculture,  and  in  which 
this  art  has  been  uninterruptedly  honoured  and  protected  since  tbe 
first  establishment  of  the  monarchy,  cannot  but  have  made  great 
progress  in  it:  and  in  fact  M  de  Lasteyrie  makes  us  acquainted 
with  different  instruments,  more  simple  and  commodious  than  those 

'  which  we  employ  for  the  seme  purposes,  and  points  out  to  us  pro- 
cesses which  might  he  advantageously  followed  here,  principally  ia 
(he  culture  of  fruit-trees.  We  might  even  imitate  the  Chinese  in 
their  dyeing  processes.  Thus  they  prepare  a  blue  with  some  species 
of  reiioufss,  very  common  here,  which,  if  adopted  by  us,  might 
diminish  the  consumption  of  indigo. 

M.  Yvard,  become  lately  an  associate,  had  presented  while  a 
correspondent  a  large  treatise  on  the  plants  injurious  to  corn,  and 

*]Pn-dK  piethod  of  keeping  cultivated  land  ir^u    '     '  ""    ' 
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are  usually  called  weeds,  are  children  gf  nature,  wild  plaols  wlio^ 
territory  is  daily  invaded  by  cultivated  plants,  but  whicli.cndeavouf 
by  all  the  means  in  their  power  to  maintain  their  ground.  They 
soon  recover  their  soil  if  man  neglect  them.  The  wind,  water,  and 
animals,  transport  their  seeds  ;  the  earth  conceals  them  for  a  loi^ 
time,  and  they  vegetate  when  llie  favourable  moment  comes.  The 
imprudent  farmer  often  sows  them  himself  in  the  manure  w:bich  lift 
lays  on  the  fields.  M.  Yvard,  who  mentions  more  than  300  species, 
describes  all  the  care  and  all  the  stratagems  which  must  be  employed 
in  the  kind  of  nac. which  the  farmer  must  carry  on  against  (hemf 
and  lie  treats  his  suhjeot  from  actual  experience. 

This  skilful  farmer  has  done  a  still  greater  favour  to  agriculture  hj 
publisiiing  last  spring,  through  the  medium  of  the  journals,  tlje 
meiliods  which  his  experience  has  suggested  as  the  most  proper  td 
repair  tike  lossee  occasioned  by  the  events  of  war  amongthe  corn  qnd 
the  grass.  He  has  had  the  hajipiness  to  see  his  counsels  frucii(y^ 
It  could  tKtt  be  perceived  by  the  price  of  corn  that  our  finest  pro- 
vinces have  been  the  fields  of  battle.  It  is  by  such  applications  ef 
agriculture  and  art,  perfected  by  the  sphit  of  the  sciences,  that 
France  has  for  twenty  years  contended  with  the  disasters  always 
renewed  of  a  cruel  war,  and  that  she  has  been  able  to  bear  without 
unking  the  painful  operation  on  which  depended  the  end  of  her  \\\it 

'■  {Ti  be  ctnUimea.)     .        ' 


,(  I.  Lectures. 

->'  A  Course  of  Lectures  on  the  Elements  of  Electrical  Science, 
comprehending  Galvanism  and  Electro- Chemistry,  will  be  com- 
menced by  Mr.  Singer,  on  Monday,  Nov.  G,  at  No.  3,  Princes- 
Gtrect,  Cavendish -square. 

II.  Largest  Diamand. 
The  largest  diamond  hitherto  found  is  in  tlic  possession  of  the 
Rajah  of  Matlan,  in  the  Island  of  Borneo,  in  which  island  it  waa 
found, about  BU  years  ago.  it  is  shaped  like  an  egg,  with  an  in- 
dented hollow  near  the  smaller  end.  It  is  said  to  be  of  tlie  fiiieat 
water.  It  weighs  ;i(>7  carats.  Now  as  1 5C  carats  are  equal  to  1  oz, 
Troy,  it  is  obvious  that  this  diamond  weighs  2  6z.  I69-B7  gr.  Troy!^ 
Many  years  ago  the  Governor  of  Batavia  tried  to  purchase  tljis 
diamond.  He  sent  a  Mr.  Stuvart  to  the  Rajah,  who  ottered  1^,000 
j^ollars,  two  large  war  brigs  with  tlieir  guns  and  ammunjl 
iih£t  with  a  certaia  nuiabeT  of  great  guns,  and  a  qtuu;ffuj( 
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,Wicl  shot.  Tlie  RajrIi,  however,  refused  to  deprive  hb  family  of  so 
valuable  an  hereditary  possession,  to  which  the  Malays  attach  the 
Xairaculous  power  of  curing  all  kin;is  of  diseases,  by  (neans  of  the 
Waltsr  in  which  it  is  dipped,  and  with  which  they  iniagttie  that  the 
fortune  of  the  family  is  connected. — See.  Dr.  Leydt-n'n  account  o^' 
Borneo,  in  the  seventh  volume  of' the  Transact  ions  of  ike  Batavim 
Society. 
:  III.  Voyage  of  Discovety  to  Africa. 

The  gentlemen  appointed  by  Governmeat  to  prosecute  the  di$co- 
tenes  of  the  late  unfoilunate  Mungo  Park  haie  at  last  sailed  from 
England  for  the  coast  of  Afiica.  They  are  Major  John  Peddie, 
Capt,  T.  Campbell,  and  Mr.  Cowdery,  stall"  surgeon.  They  are 
paid  to  be  very  well  qualified  for  the  task  which  they  have  under- 
taken. They  are  to  be  attended  by  a  company  of  Negroes.  The 
object  of  the  escpedilion  is  to  trace  the  Niger  from  the .  place  at 
which  Mungo  Park  left  it  to  the  sea,  and  lo  determine  whether  or 
not  it  be  the  same  with  the  Zayr. 

IV.  Death  of  Gehlen. 
Adolph  Ferdinand  Gehlen,  whose  name  has  occurred  repeatedly 
in  the  jinnals,  died  at  Munich  last  summer  ;  or  perhaps  it  would  be 
more  proper  to  say  that  he  destrpyed  himself,  since  he  persisted  in 
a  set  of  experiments  in  which  he  was  daily  exposed  to  the  fumes  of 
arsenic,  though  warned  by  his  friends  of  the  fatal  consequences  that 
would  ensue.  He  became  first  generally  known  to  the  chemical 
world  in  1^03  by  the  publication  of  a  new  monthly  chemical  work, 
which  he  entitled,  Neues  Allgemeines  Journal  der  Chemie  {New 
Universal  Journal  of  Chemistry).  Of  this  journal  he  published  six 
volumes,  which  contain  a  great  deal  of  valuable  and  origiaal  matter. 
In  180S  he  changed  the  title  to  Journal  fur  die  Chemie  und  Physik 
(Journal  of  Chemistry  and  Natural  Philosophy).  About  this  lime 
he  was  chosen  a  Fellow  of  the  Academy  of  Sciences  of  Munich,  lo 
whicli  capital  he  repaired.  Yet  he  still  continued  to  publish  his 
journal  at  Berlin.  But  it  was  infinitely  inTerior  to  whu  it  had  been, 
consisting  chiefly  of  tianslatiqns  from  foreign  journals,  and  of  lung 
papers  by  Riiter,  often  highly  absurd  and  ridiculous.  He  continued 
it,  however,  till  1810,  when  he  stopped:  no  doubt  because  the  sale 
liad  diminished  so  much  as  not  to  be  equivalent  to  the  expenses  of 
the  publication.  His  principal  discovery  was  the  mode  of  preci- 
pitating red  oxide  of  iron  by  succinate  of  soda  or  of  ammonia.  This 
discovery  has  been  of  considerable  use  in  the  chemical  analysis  of 
minerals. 

V-  CoTiJirmation  of  Mr.  Rose's  Discovery  of  tke  Absence  of  Ured 
from  the   Urine  in  Mepatilis:    being  an  Extract  ff  a  Letter 
from  Dr.  Henry,  of  Manchester. 
Soon  after  the  publication  of  Mr.  Rose's  paper,  in  your  numbej 

A)/ June,  a  medical  frieod  (Dc.  Holme}  gaye  me  a  specimen  ofr'  ' 
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urine  of  om  of  his  patients,  a  female  labourtDg  nkider"  cbronife 
)iet)atitis.  He  had  been  struck  with  the  absence  of  iiiost  of  tbft 
usual  qualities  of  that  fluid,  such  as  colour  and  smelly  of  both  Whieik 
it  was  nearly  destitute,  I  found  its  specific^gravity  to  be  only  1*003 J 
(the  average  of  healthy  urine  being  I '0200) ;  and  its  solid  contents, 
not  perfectly  dried^  did  not  exceed  25  grs.  from  the  wine  pintl 
Finding  that  no  precipitate  was  occasioned  by  adding  nitric  acid  t6  • 
the  extract  dissolved  in  a  little  water,  I  tried  to  discover  lirea  in 
another  portion  of  the  same  urine  by  the  more  accurate  test,  which 
I  have  proposed,  of  distillation.  The  distilled  fluid  very  slowly  re«^ 
^ored  the  colour  of  reddening  litmus  paper,  but  did  not  precipitate 
muriate  of  lime.  It  could,  therefore,  have  contained  nothing  more 
than  a  mere  trace  of  carbonate  of  ammonia,  which  is  always  abun- 
dantly produced  by  the  distillation  of  natural  urine.  As  the  patient 
recovered,  the  urea  was  very  gradually  and  slowly  restored  trt  the 
urine.  These  experiments  confirm  the  curious  discovery  of  Mr. 
Rose ;  to  which  it  may  be  added,  that  the  urine  of  Dr.  Holme'« 
patient  did  not  contain  an  appreciable  quantity  of  uric  acid.  *  I  was 
sorry  that  other  engagements  interfered  at  the  time,  and  prevented 
me  from  determining  exactly  the  nature  of  its  other  contents. 

An  opportunity  lately  occurred  to  me  of  ascertaining  precisely  the 
proportion  of  urea  in  the  urine  of  a  patient  labouring  under  diabetes 
mellitus  in  its  most  perfect  form,  tefofe  the  disease  was  influenced 
either  by  diet  or  medicines.  A  wine  pint  gave  &51  grains  of  solid 
extract;  and  of  this  only  16  grs.,  or  ^  part,  were  urea.  No  urea 
eould  be  discovered  by  the  action  of  nitric  acid.  The  processes 
employed  in  detecting'it  were  those  which  1  have  described  in  the 
Medico-Chirurgical  Transactions,  ii.  123;  and  in  youv  Annats  of 
Philosophy  J  i.  31. 

*P.  S.  I  have  often  been  applied  to  of  late  to  know  where  the 
hydrometer  for  taking  the  specific  gravity  of  urine  may  be  purchased. 
It  may  be  accepfable,  therefore,  to  some  pf  your  readers,  to  know 
that  a  more  easy  method  (and  a  preferable  one,  as  it  requires  a  much 
less  quantity  of  urine,  and  no  calculation)  is  to  weigh  the  urine  ipi 
a  bottle  which  holds  exactly  1000  grs.  of  distilled  water  at  feO^ 
Fahr.  up  to  a  ihark  on  the  neck.  Bottles  of  this  sort,  with  a  propet 
counterpoise,  and  decimal  weights  in  a  case,  may  be  had*  in  London 
of  Mr.  Knight,  41,  Foster-lane,  Cheapside;  and,  1  daref  say,  of 
Mr.  Accum,  in  Compton-street,  and  other  makers  of  chemical 
apparatus.  ^ 

VI.  Atmospheric  Phenomenon. 

About  a  quarter  before  ten  o'clock  on  Tuesday  evening,  Sept.  26, 
Fomalhaut  being  a  little  to  the  east  of  the  meridian,  the  barometer 
being  29*62,  and  the  thermometer  62%  a  luminous  band  appeared 
near  the  western  horizon,  and  extended  itself  gradually  towards  the 
east,  until  it  occupied  a  line  beginning  at  the  sixth  Of  the  Eagle, 
passing  through  the  Fox  and  Goose,  between  the  fifth  an*^  •''^**»  .of 
tfie  Swan,  across  Almaac^  in  Andromeda^  ahd  M^dli^'lP9 
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terminating  a  little  to  ibe  north  of  the  Pleiades,  It  waa  wry  bright, 
pnd  welt  defined  near  its  western  extremity  ;  broader,  fainter,  and 
0i  shurtt^r  duration,  towards  the  east.  Its  mediiitn  breadth  wai 
jibout  five  decrees,  and  it  continued  about  20  minutes. 

The  afternoon  of  Tuesday  was  very  wet,  with  violent  gusts  of 
.wind  ;  for  some  time  before  this  )uii)inous  appearance  the  sky  was 
ff>early  covered  with  large  dark  Cum^loiu  clouds,  which  passed  away 
jrapitlly  towards  the  N,  E.  and  occasionally  shot  forth  taint  corusoft- 
^ons.  The  barometer  aod  thennomeier  had  been  very  variable  for 
some  days. 

At  eleven  p.  m.  the  sky  was  very  bright  near  ihe  northern  horizoa 
for  about  a  quarter  of  an  hour,  but  no  Aurora  Borealis  appeared. 

No  opportunity  of  observing  llie  magaetic  vaiiaiion  occurred  at 
the  time. 

VII.  Queries  respecting  Fluxions. 

(To  Dr.  ThainiaD.) 
SfH, 
As  your  correspondent  Mr.  Christison  recommends  the  study  of 
fluxions  after  the  pupil  has  become  acquainted  with  the  second  book 
of  Euclid,  lie  would  render  me  an  essential  service   if  he   would 
have  the  goodness  to  mention  what  work  of  this  kind  he  thinks  is 
'best  adapted  to  those  wlu>  arc  already  acquainted  with  the  fii^t  six 
books  of  the  Elements.     Maclaurin's  is  the  only  one  I  have  seen, 
tul  this  appears  too  tedious  and  abstruse  for  a  beginner,  otherwise 
St   appears  to  have  great  commendation,   from  the  geometrical 
inaDner  in  which  he  introduces  the  subject.     Should  you,  Sir,  be 
'to  obliging  as  to  noijce  this  applicatiuci,  you  will  confer  a  favour  on 
Your  most  obedient  servant, 

Sipt,  21, 1815.  A   SUBSCRipER  TO  THE  AmNALS^' 

VIII.  Connoissance  d-es  Temps,  1S15. 

,■  (To  Dr.  Thomson.) 

SIR, 
'  I  have  felt  some  disappointment  at  finding  that,  in  the  lest 
•Dumber  of  our  Nautical  Almanac,  the  phenomena  and  observations 
{occultaiions,  &c,)  have  been  almost  entirely  omitted.  What  is 
:tbe  cause  of  this  serious  omission  ?  In  the  number  for  this  year 
dhere  are  about  57  set  down,  in  the  column  alluded  to,  for  tbe 
*welve  months ;  but  in  the  Con,  des  Teins  for  this  year,  published 
in  Nov.  1612,  there  are  21S.  Surely  our  ephemen's  is  not  to  become 
less  valuable  and  interesting  than  that  of  the  French  ia  any  respect. 
;1  have  not  great  confidence  in  the  accuracy  of  French  printing,  or 
J  should  prefer  theirs.  "  Les  occultationsd'ctoitespar  lalune  £tant 
les  phenomenes  les  plus  utiles  pour  determiner  avec  precision  les 
longitudes  geographiques,  les  voyagers  ne  doivent']Xts  negHger  de 
,1(6  observer;  les  conjonctions  qu'on  indique  id  serviront  a  les 
^ider  pour  prcvoir  les  occultatioos  <]ui  pourront  avoir  lieu  dans  les 
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pays  ou  iU  se  trouveront.  On  peut  encore  fnire  usagedu  Zadia^ie, 
public  par  Lemonnier  (a  Paris  chez  Dezaudie)  :  en  y  suivaut  la 
route  dc  k  lune,  au  ini>yen  de  ses  longitudes  et  latitudes,  et  ayaot 
egard  a  I'effet  de  la  parallaxe,  on  trOuvura  ilres-peu  pres  le  lems 
des  occultations  qui  pourront  avoir  lieu."  P.  20?. — Is  any  sucli 
zodiac  published  in  England  ?  On  p.  206,  they  mention  a  parallactic 
macliine  for  giving  the  point  or  place  of  emersion.  Where,  shall  I 
find  a  description  of  it  ?  On  p. "],  ic  is  erroneously  set  down  tliat 
there  will  be  a  total  eclipse  of  the  moon  on  the  SGth  of  December, 
visible &\.  Paris;  and  no  notice  is  taken  of  an  eclipse  of  the  sun, 
Jan.  10  ;  anolhtT,  Dec.  30;  nor  of  one  of  the  moooj  Dec.  15  ;  all 
invisible  here.  On  p.  5,  the  Julian  period  is  slated  as  6530;  in 
the  English  ephemeris,  at  6528  :  and  the  apparent  obliquity  of  tlie 
ecliptic,  Oct,  1,  according  to  Dclambre's  new  tables,  =  2S°  27' 
■43"3":  the  seconds  in  the  English  are  49-3"  !  In  a  meteorological 
journal  for  1810,  given  at  p.  214,  the  magnetic  needle  was  •22"  It ' 
on  the  13th  March,  at  the  imperial  observatory  of  Paris^  Thi 
number  contains  copious  tables  of  the  longitudes  and  latitudes  (2 
places,  and  of  the  K.  A.  and  declinations  of  stars.  -^ 

I  am.  Sir,  your  obliged  servant,  * 

A.  M."; 

IX.  Weather  in  Iceland  during  1 814. 

,  (To  Dr.  Thomson.) 

SIR, 

As  it  may  not  perhaps  be  uniotei'esting  to  some  of  your  readers  to 
know  the  general  slate  of  tlie  weather  in  Iceland  during  tiie  past 
year,  I  beg  leave  to  subjoin  an  extract  of  a  letter  on  that  subject, 
which  I  lately  received  from.Mr.  Magnus  Stephenson,  Chief  Justice 
in  that  island,  dated  Reehiuvig,  July  2<;,   1815. 

I  am,  Sir,  respectfully,  your  most  obedient  servant, 

Liverpool,  Jug.  16,  1815.  D. 

"  A  remarkably  fine  summer  (1814)  was  succeeded  by  a  vety 
gtormy  autumn,  attended  with  much  rain  and  raw  weather.'  From 
the  beginning  of  October  to  the  end  of  December  followed  much 
snow  and  sharp  frost,  the  stormy  stale  of  the  weather  still  conti- 
nuing. From  thence  to  the  middle  of  March  succeeded  very  fine 
mild  wcatlier,  without  frost;  yet  often  so  wiody  (hat  the  fishing 
■»uld  not  begin  during  all  that  period.  Afterwards  the  weather 
became  calm  and  agreeable,  which  continued ;  and  we  have  scarcely 
had  any  frost  in  1815  here  in  the  south  and  the  eastern  parts  of  the 
island;  but  in  the  northern  part,  the  winter  being  milder  frbm 
September  to  January,  afterwards  changed  to  very  stormy,  with 
EDOW.  It  continued  thus  until. lar  in  the  spring;  the  coneeijucDce 
of  which  has  been  a  great  loss  of  sheep  in  the  north  country,  where 
the  grass  came  late,  and  was  very  scarce  every  where;  besides  nhich 
it  was  in  some  parishes  eaten  quite  away  by  a  ir  "tr  last  spring, 

which  was  cKceeiJingly  cold,  although  no  drift  ^Kd  tliia 

year  on  t)te  nprthern  coast." 


I 
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Scientific  Taieliigenre. 
X.  Population  'if  tlie  Canaries. 


3 


• 

A 

si 

_  E 

-  s 

^ 

bsolule  PopuUlio 

w^ 

1678, 
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176S. 
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73 
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60 
87 
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49.1 12 

E0,45S 
13,892 

4,973 
3,S97 

60,318 
7,38a 

66,3.M 
8.863 

41,082 
19,195 
9,105 
6,645 

4,082 

155,86fi 

70.0W) 
9,000 
SO,ODO 
29,600 
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7,400 
5,000 

174,000 

fartavniEarB , 

143 

g^i*-."?;:::::-.:: 

11,580 
7.^10 
6,a31 
3,687 

136.19! 

jtotal 

644 
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llumboldl's  Personal  Karntlive,  i.  384. 
XI.  Temperature  of  the  Atlanllc. 
The  following  table  is  giveo  by  Humboldt  from  observations 
made  by  him  of  the  temperature  of  the  Atlantic  Ocean  during  hia 
voyage  to  South  America : —  ^ 

Temperalnre  a 
Norlh  LatitQdE.  Lonsiladf.  tbc  Sarfoce  of  tliel 

39°  10' 18=  38' 59° 

61-34 


32  16  19  24 

30  3G  19 

29   IS  19 


17  57  35 

14  57  47 

13  51  52 


I 


63-86 

14  65-48 

00  66-74 

33  68-00 

11  70-16 

34  72-32 

00  74-66 

3  76-46 

■  14  78-44 

Humboldt's  Personal  Narrative,  ii.  99. 

XII.  Fucus  Veiiculostis. 
Professor  John,  in  order  to  obtain  iodine,  burnt  four  ounces  of 
the  fucus  vesiculosus :  the  white  ash  remaining  weighed  4,i  drams. 
He  found  in  it  manganese  and  mBgnesla,  but  did  not  succeed  in 
obtaining  from  it  any  iodine.  This  was  cliiefly  owing  to  the  small 
quantity  of  ash  on  which  the  experiment  was  made,  and  partly  also 
to  the  imperfect  method  which  he  followed  ;  for  he  seems  to  have 
been  in  possession  uf  no  other  directions  escept  those  contained  in 
Davy's  first  paper  on  iodine,  and  they  are  quite  ioaccuiatf^^ .  , 


»» 


1«1S.]  Nm  Patentsi  9$% 

XIIL  AAimal  Concrettof/u  '       / 

Professor  John  has  lately  examined  a  concretion  froq^  the  ut^ma 
of  a  woman.  From  the  description  which  be  has  given  of  it,,  there 
is  reason  to  consider  it  as  precisely  similar  to  a  concretion  from  the 
vagina,  which  I  described  and  analyzed  in  a  preceding  volume  of  - 
the  Annals  of  Philosophy.  Accprdmgfy  Dr.  John  found  its  compo- 
sition quite  analogous.  It  was  composed  of  phosphate  of  lime  apd 
an  animal  membranous  matter.  He  aetecte4  in  it^  likewise^  traces 
of  carbonate  of  lime  and  of  muriatic  acid* 

XIY.  Salivcu 

I  have  lately  hi^d  an  opportunity  of  making  some  experimentB  on 
^aliva^  thrown  out  of  the  system  during  a  mercurial  salivation.  The 
following  is  the  result.  Saliva,  when  first  emitted,  is  an  opal  li(}ui49 
whieh  speedily  lets  fall  a  white  matter,  and  then  becomes  trans* 
parent.  The  white  matter  thus  deposited  possesses  the  charaeters  of 
coagulated  albumen.  As*mercury  is  known  to  act  very  powerfully 
^s  a  precipitant  of  albumen,  I  thought  it  possible  that  in  tne  present 
case  it  might  have  be^n  thrown  down  by  the  mercury  with  which 
the  system  was  known  to  be  loaded.  But  I  did  not  succeed  in  de- 
tecting the  presence  of  any  of  that  metal.  The  specific  gravity  of 
<tbe  saliva  at  60^  was  1*0038.  It  Was  a  ropy  liquid,  and  could  be 
drawn  out  into  fine  threads ;  yet  it  oould  not  be  employed  to  paste 
together  pieces  of  paper,  not  having  the  property  of  a  ce^nent^ 
This  liquid  w^  nqt  altered  by  pru^siate  of  potash  nor  infusion  of 
Dutgalls.  With  nitrate  of  lead  it  deposited  a  copious  white  coagu-* 
lum.  It  precipitated  likewise  with  nitrate  of  mercury.  1050  grs% 
of  it,  bein^  evaporated  tt>  dryfiess^  :Ieft  a  residue  of  1*5  grs^  This 
residue  was  composed  of 

Coagulated  albumen    • ^  •  • .  2*70 

Mucus  (with  a  little  albumen) 3*85 

Cpmmon  salt  •  •  • 0*95 


f*- 
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Article  XIL 

New  Patents. 


0 

'  John  Taylor,  Stratford,  Essex,  maiiufacturing  ohemist  j  for 
certain  methods  of  purifying  or  refining  sugar.    June  22^  1815. 

Charlbs  Sylvrstbr,  Derby,  engineer  \  icx  various  improve- 
ments in  the  texture  of  bobbin  ^^ce.    June  22,  18A5« 

Robert Baines,  Mytob^:]  iMn-Hull,  gkie  maoufiic- 

tiirer^  for  his  improvements 'fa  i  "ttof  verllcat  wJndmiU 

sails.    June  22/1815. 


New  Palenfs, 


fW^' 


RoDKar  Dickinson,  Great  Queea-street,  Ijondon,  Esq. ;  for 
means  for  facilitatiug  the  propulsion,  and  for  the  safety  of  boats  and 
Other  vessels  through  the  >vnter.    June  22,  18  >  5. 

Samuel  Baldkn,  Reddich,  Worcester,  miller;  and  John  Bdr- 
joNSHAW,  Biackfriars  Road,  London,  oven  builder;  for  a  macliine 
or  instrument  for  the  better  heating  ovens.    June  24,  \H\  5. 

■  William  Madelet,  in  the  parish  of  Yardley,  Worcestershire, 
farmer;  for  an  improved  drilling  machine,  for  drilling  beans, 
turnips,  peas,  pulse,  corn,  and  seeds  of  every  description.  July  27, 
1815. 

John  Lewis,  of  Brimscomb,  Gloucestershire,  clothier;  for  an 
improved  shearing  machine.     July  2/,  1815. 

■  David  MusHET,  of  Colefoid,  Gloucestershire,  iron-master;  for 
an  improvement  or  improvements  in  the  process  or  processes  of 
Biaking  or  manufacturing  iron.     July  2f,  1815. 

William  EoRiDfiE,  of  Rotherhlthe,  Surrey,  brass-founder;  for 
an  engine,  pump,  or  fire-engine.     Aug.  4,  1S15. 
'    Joseph  Harvey,  of  Long-lane,  Bermondsey,  Surrey,  turner; 
for  a  machine  for  better  striking  and  finishing  of  leather.     Aug.  4, 
1815. 

Richard  Dixon,  of  High  Holborn,  Middlesex,  trunk-maker; 

^   jyr  an  improvement  or  improvements  in  the  construction  of  trunks 

6r  portmanteaus  of  various  descriptions,  and  In  the  application  of 

iratecials  hitherto  unused  in  the  construction  thereof.    Aug.   II, 

1815. 

John  Street,  of  Clifton,  Gloucestershire,  Esq. ;  for  certain  fur- 
ther improvements  in  the  mode  of  making  and  working  bellows. 
Jlug.  11,  1815. 

•  -John  Edwards,  of  Canterbury-buildings,  Lambeth,  Surrey, 
Gentleman ;  for  a  method  or  means  of  preventing  leakage  in  ships, 
boats,  and  other  vessels,     Aug.  15,  1815. 

John  Chesholms,  of  Edinburgh;  for  a  method  of  constructing 
register  and  other  stoves.    Aug.  21,  1S15. 

Stephen  Phice,  of  Stroud,  Gloucestershire,  engineer;  for  a 
machine  for  shearing  or  cropping  woollen  and  Other  cloths  that  may 
require  such  a  process.     Aug.  21,  1815. 

Thomas  Field  Satory,  of  New  Bond-street,  Middlesex, 
chemist ;  for  a  combined  neutral  sail  or  powder,  which  possesses  all 
the  properties  of  the  medicinal  spring  at  Sedlet/,  in  Germany  ;  and 
which  invention  is  sold  under  the  name  of  Scdletz  powder.  Aug. 
23,  I8I5. 

Jambs  Carpenter,  of  Wellenhall,  Staffordshire,  curry-comb- 
maker  ;  for  an  improvement  to  a  curry-comb.     Aug.  23, 1815. 

-William  Bbmman,  of  Eldersfield,  Worcestershire,  tanner;  for 
various  improvements  in  ploughs.     Aug.  23, 1S15. 

Thomas  Asiimore,  now  resident  at  Portland  Hotel,  Portland- 
street,  Middlesex  i  Sat  a  new  mode  of  making  leather.     Sept.  9,' 
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REMARKS. 
ainy  wmad  in  ihe  ir^M  U 


:l  WmW,  iht  elFvated 


Ninth  liiml%.—'i6.  K 
this  wu  fVillowed  bylaii 

■oawnhal  misly  «r;  CV>™«,  with  Ci  roitmtut : 
noon,  with  a  °g«pkion>  I'lund.  Iikp  ihniidpr,  ai 
aTler  which  a  Bn?  bo-w  in  Ihf  E..  and  sodif  di«l 
which  ronliaucd  Id  reSert  ihc  tight  for  tO  minuluaflet  sud-sfI 
mist,  vpry  IIhIp  nind,  Ibe  vane,   which  slood  tu  X.,  laraing 
Kith  Cumulus  si  noon  ;  loi^e  CIrH,  p.  m.  n  hich  were  perinaneii 
■ppraraacn  in  Ihe  sty,  soon  fallowed  hy  a  shower,  which  came  over 
much   GrrintTaliu  fallaned,  with  mnre  rain.     30.  a.m.   Clean   « 
p.  m.  a  veil  nf  Cirranlralm  advancing  from  W.  couiiilelely  obscured 


[Nov.  U^H 

I  from  a  gale  «t  f^^^ 
'ard.  ST.  a.m.  Damp, 
1  a  bt'avy  >hf>ner  bj 


the  oighi  a 


rard. 


28.  a.  m.  A  wet 
8.  E. :  euDsliiaC, 
89.  a.  m.  Rainy 
over  fromS.W.; 
d  N.W.: 
e,kj:i« 


■_  JllBrtilfOllI*.— 1. 

night,     fi.  MJEty  nioi 
IwilifU.      3.  Plnar   frosl : 


.  As  yesterday  :  showers,  wilh  rainbow,  p.m.;  r^n  by 
;:  much  den  :  Cama'oslralus,  aud  a  few  drops:  Irunidaos 
capped  wiih  a  dclicnle  double 
I  and  iuoiculalion  followed.  4.  CirrDi/rofiu  in 
k  close  veil  most  of  the  day.  5.  Misty  morning  :  Ihcn  large  Cirri,  arranged  from 
S,  E.  to  X.  W.,  and  passing  to  Cirrociimuliu.  Su. :  rain  ai  nighi.  6.  Wet  morn- 
ing i  fair,  p.m.     7.  Hoarfrost:  slight  Sirodii:  a  serene  day  :  much  dewy  haze 


1*.  A  li 


,  first  in  the   E.,  then  i 

10  of  moderate  di 


Ihe  W.  above  a 


i,  Clondy,  a.m.  14,  A  lunar  Halo  ot  monerate  diameter,  vtJilch,  difappearing, 
gave  place  to  a  portion  of  a  very  large  ine.  15.  Rain  :  the  wind  fresh  at  night 
from  S.  S.  W.  Ifi.  a.  m.  CumalHi:  fine  day  :  a  nnmbBT  of  swallowi,  wliicb  re- 
appeared a1  the  end  of  last  month,  have  kept  about  our  neigfabourbood  lu  the  pre- 
■cntlime.  n.  Large  Cirri,  passing  to  CiirorfraWi .-  a  little  Kin,  p.m.:  Nimbi. 
IS,' a.m.  ClrTailrati,  with  obscurity  gradually  increasing;  wet,  p.m.;  much 
■wind,  evening.  19.  Coloured  sun-rise:  calm,  overrast,  a.nr-:  then  windy,  with 
Aiving  showers,  the  sky  filled  with  cloud:  a  lerapeatnons  night,  SO.  Colonred 
■HD-risr,  and  much  wind  :  a  few  drops  of  raint  cloudy  night.  SI.  a.m.  Clear: 
tten  atmulus  in  a  very  blue  sky,  passing  to  Cumult^tralui,  which,  with  some  hedi 
of  Cimu  above,  was  finely  coloured  al  sim.set :  I  saspccled  thunder  and  rain  far 
lo   the   8.   this   afternoon,      SS.  Misty;  much  dew;  CirroslrBtw,    CamuhslraliU, 


CCtHi.   93.  Mi 


elhlSD 


iming;  Utile  dew  :  cloudy 
64.  a.m.  Misly  sun-rise,  with  railii  through  broken  clouds 
, !  rain  :  about  sun-set  radii  again,  followed  by  many  distinct  Nimbi. 


yiodj!. 


RESULTS. 
Winds  chiefly  from  the  S.  and  W. 

arnmcter:  Greatest  height .30-33  incites  | 

l^as« 99'96inclieai 

Mean  of  the  period   39-14:  inefces.   J 

rmometer:  Greatest  height ee° 

I-«^ail jj. 

Mean  of  the  period 50-70°.^ 

Mean  of  the  hjgrometcr,  7*".     Rain,  8-92  inches. 
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PHILOSOPHY. 


DECEMBER,  1815. 


Article  I, 

Biographical  Accoiail  of  Ckarles  Bossut,    By  M.  le  Chevalier 
Delambre,  Secretary  of  the  Institute, 

Charles   BOSSUT,   Member  of  the  Academy  of  Scieocefc'l 
aud  afterwards  of  the  Institute,   of  the  Academies  of  Bologovt'"! 
Lyons,  and  Utrecht,  Esamlner  of  the  Pupils  of  the  Military  Corpt'T 
or  Engineers,  and  of  the  Polytechnic  School,  and  Member  of  tqe  J 
Legion  of  Honour,  was  born  at  Tartarus,  in  the  department  of  th^'l 
Bhone-and-Loire,  on  the  llih  of  August,  173'>)  and  was  the  saOi'M 
of  Barthelemi  Bossut  and  Jeaone  Thonnerioe.  His  family  belong^dJT 
originally  to  the  country  of  Liege,  from  which  some  misfortuowIL 
bad  obliged  them  to  emigrate  about  the  year  1542.     At  tlie  age  f/fM 
six  months  he  lost  his  father.     A  paternal  uncle  taught  him  tl(«7r 
principles  of  grammar  and  the  Uoguages,  and  made  him  early  aC"' 
quainted  with  the  Latin  and  French  classics.     At  the  age  of  14  he- 
was  sent  to  the  College  of  Jesuits  at  Lyons  to  finish  his  studiet. 
Here  he  was  soon  distinguished  by  his  masters,  for  the  ease  with 
which  he  carried  off  all  the  prizes;  and  by  his  class-fellows,  foe 
his  amiable  and  eeosible  dispo.sition  which  interested  them  in  his 
success.     Here  he  soon  acquired  a  kind  of  reputation  which  in  a 
ihort  time  extended  beyond  tlie  limits  of  the  College, 

The  Elogea  of  Fontenellc  having  fallen  into  his  hands,  raised  ia 
hiin  the  most  violent  passion  for  mathematics.     He  was  eager  to 


i:  the  footsteps  of  those  great 
bis  imagination  ;  and  finding  nobo 
first  steps,  he  ventured  to  write  AU 
advice.  He  received  an  cncouragji 
th£  old  man,  more  than  ^0  yess  i 
Vol.  VI,  N=  VI, 


wliose  discoveries  inflamed 
*     "B  who  could  guide  hia 
nelle  to  rcfjuest  hit  — 
stofyouj"»ai4J 


I 

I 
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time  new*  of  your  progress.    I  have  a  feeling  which  informs  mc 

that  you  will  go  far ;  but  1  cannot  live  long  enough  to  enjoy  your 

success." 

Nothing  more  was  necessary  to  induce  Bossut  to  go  to  Paris. 
Fontenelle  received  him  kindly,  and  recommended  him  to  Clairaiit 
and  d'Alembert,  who  were  prodigal  in  their  encouragements. 
D'Alembert  in  particular  chose  him  more  especially  for  his  pupil, 
and  look  a  pleasure  in  removing  the  difficulties  which  might  have 
retarded  his  progress.  Time  cemented  this  union,  founded  on  the 
One  hand  on  the  attachment  wliith  results  from  benefits  conferred, 
.and  on  the  other  from  the  justest  and  most  lively  gratitude.  This 
friendship  subsisted,  without  interruption,  till  the  death  of  d'Alem- 
bert. Bossut  had  particularly  studied  ihe  writings  of  his  master; 
and  when  any  person  applied  to  d'Alembert  for  explanations  of  a 
difficult  passage,  which  would  have  obliged  him  to  read  over  again 
his  memoir  with  attention,  he  sent  him  to  his  disciple  and  confi- 
dent, saying  to  him,  "  Call  upon  Bossut," 

Camus,  another  academician,  Examiner  of  the  Pupils  of  Artil- 
lery an4  Engineers,  conceived  for  him  the  same  affection,  and  in- 
troduced iiim  to  Comie  d'Argenson,  Minister  at  War,  who  named 
him  Professor  of  Mathematics  in  the  School  of  Engineers  at 
Me/tercji.  Tliis  was  in  1752,  when  Bossut  was  scarcely  22  years 
of  age. 

About  the  end  of  the  same  year  the  Academy  admitted  him  into 
the  number  of  its  Correspondents.  A  memoir  of  his  had  been 
read,  entllleJ,  Uses  of  the  DifFerenliafion  of  Parameters  for  the 
Solution  of  different  Problems  in  the  inverse  Method  of  Tangents. 
In  giving  an  account  of  this  memoir,  inserted  in  the  second  vulHii)r 
of  the  Savans  Etrangers,  the  historian  of  the  Academy  says,  that 
wetind  in  it  the  solution  of  divers  problems  proposed  by  John 
Bernoulli,  the  first  of  which  had  not  hitherto  been  resolved  by  any 
person.  In  speaking  of  the  methods  of  Bossut,  he  adds,  that  they 
appear  short  and  elegant.  He  gives  the  same  opinion  of  two  oilier 
problems,  constituting  a  second  memoir  published  in  the  same 
volume. 

The  Leipsic  Acts  had  in  1752  announced  a  theorem  of  Euler  on 
the  recttfiable  difTerence  of  certain  elliptic  arcs.  Bossut,  in  demon- 
strailng  it,  joined  a  simple  and  direct  method  for  discovering  this 
theorem  a  priori.  In  the  same  volume  (iii.)  he  applied  to  djfl'erent 
problems  concerning  the  cycloid,  a  method  which  was  then  judged 
so  much  the  more  ingenious  thai  il  is  not  confined  lo  problems  alone, 
lut  viay  it-rue  likewise  on  mamj  other  occasions. 

The  duty  of  Professor  of  Mathematics,  to  which  he  devoted 
himself  for  IG  years,  without  interruption,  and  with  a  success 
always  increasing,  at  the  school  of  Mezieres,  did  not  prevent  liim 
from  making  himself  known  by  a  number  of  works,  the  subjects  of 
which  were  either  pointed  out  to  him  hy  his  lectures,  or  by  the 
labours  of  contemporary  mathematicians,  or  by  the  prizes  of  the 
Acaiewif'  .  Th\is  he  drew  up  at  first  hb  Elements  ^^  Me(4 
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which  he  afterwards  converted  into  a  complete  course  of  mathe- 
xnatics.  He  shared  with  a  son  and  pupil  of  Daniel  Bernoulli 
a  prize  proposed  by  the  Academy  of  Lyons  on  the  Best  Form  of 
Ores ;  with  the  son  of  Euler,  and  probably  with  Euler  himself,  a 
prize  on  Stowing  Goods  in  Ships,  proposed  by  the  Academy  of 
Sciences.  ^^  Complete  success  would  have  been  less  brilliant/' 
wrote  to  him  Clairaut,  one  of  the  judges,  ^^  because  in  that  case  it 
would  have  been  unknown  over  whom  you  had  triumphed." 

He  obtained  alone  the  prize  of  the  Academy  of  Sciences  on  th6 
<juestion,  whether  the  planets  move  through  a  medium^  the  resistance 
of  which  produces^  any  sensible  effect  on  their  motions*  Albert  Euler 
had  undertaken  an  examination  of  the  same  subject.  The  two 
authors  agreed  perfectly  in  every  thing  regarding  the  principal 
planets.  But  Albert  acknowledges  that  he  had  not  ventured  to 
enter  upon  the  part  which  regards  the  moon.  He  congratulates 
Bossut  upon  having  overcome  difficulties  which  appeared  to  him  so 
great  as  to  induce  him  to  abandon  the  task.  It  appeared  to  result 
from  the  memoir  of  Bossut  that  the  acceleration  observed  in  the 
motion  of  the  moon  might  be  explained  by  the  resistance  of  the 
ethereal  matter.  But  one  of  the  great  mathematicians  of  whom 
France  has  to  boast  found  afterwards  a  more  natural  cause,  which 
explains  this  acceleration,  and  the  ethereal  resistance  has  become  a 
very  problematic  cause,  the  effects  of  which,  if  they  are  not  abso- 
lutely null,  are  at  least  very  little  sensible. 

The  same  year,  17^2,  Bossut,  in  conjunction  with  Viallet,  ob-' 

tained  the  quadruple  prize  proposed  by  the  Academy  of  Toulouse 

for  the  most  advantageous  construction  of  dykes.     Three  years  after 

.  he  divided  a  double  prize  proposed  by  the  Academy  of  Sciences  on 

.  the  Methods  of  Stowing  Ships ;  and  he  obtained  alone  at  Toulouse 

V  two  successive  prizes  for  his  researcheis  respecting  the  laws  of  motion 

.  which  fluids  follow  in  conduits  of  all  kinds. 

He  owed  to  the  friendship  of  Camus  the  place  of  Mezieres^ 
which  had  enabled  him  to  turn  his  undivided  attention  to  mathe-^  , 
matics.  The  way  in  which  he  had  filled  his  situation  and  employed 
his  intervals  of  leisure  determined  in  his  favour  all  the  votes  when  a 
successor  was  to  be  appointed  to  his  protector  and. friend.  The 
Government  named  hith  Examiner  of  Engineers,  and  the  Academy 
gave  him  the  place  which  Camus  bad  left  vacant.  It  was  at  that 
'  time  that  he  gave  his  method  of  summing  series,  the  terms  of  which 
are  similar  powers  of  the  sines  and  cosines  of  arcs,  which  form  an 
arithmetical  progression. 

Euler  in  his  introduction  to  the  Analysis  of  Infinites  had  already 

fiven  the  sum  of  those  series,  which  he  referred  to  recurrent  series, 
(ossut,  in  order  to  arrive  at  the  same  result,  employs  only  the  most 
elementary  formulas  of  trigonometry,  and  some  rules  equally  simple 
of  the  theory  of  progressions.  This  method  has  the  advantage  of 
being  more  clear,  and  therefore  intelligible  to  i»  ereater 

number  of  readers.    If  the  glory  of  a  discovery  Bon- 

testibly  to  him  who  first  made  it  known^  \«^  Ciua  q^xiX 

2  c  2 
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deal  of  esteem  to  him  who  rendere  more  popular  notions  teemingly 
ftt  first  destined  to  ha  confined  to  philosophere. 

The  same  Hdvantngc  is  evident  iu  iiii  iR«thod  for  the  reversion  of 
lerits.  This  subject  has  occupied  the  greatett  maihematiciaDs.  It 
Whs  afterwards  treitlcd  in  a  more  philosophical  and  more  profound 
way  in  a  line  memoir  of  Lagrange.  Bui  if  the  method  of  BoKHt 
hai  not  the  same  generality^  if  it  is  not  comprehended  in  a  foraofila 
to  singuliirly  remarkable,  it  is  distinguished  hy  other  advaniagn. 
It  depends  upon  the  most  elementary  theorem  of  d  i  fie  rent  iaiioo  ; 
fc  requires  only  oi-dinary  and  uniform  calculations,  though  a  tittle 
Ion;; ;  it  tixes  itself  in  the  memory,  so  that  it  is  impossible  lo  forget 
it ;  aot!  the  calculator  who  wishes  to  maiit  use  of  it  carries  it  alwa^ 
with  him,  atid  has  no  occasion  to  consult  a  book  on  the  subject. 

Parent  had  formerly  K'^en,  in  order  to  estimate  tlie  effect  of 
wheels  moved  by  a  fall  of  water,  a  very  simple  method,  but  very 
inaccurate.  Bffi<sut  undertook  to  introduce  into  the  calculation  all 
the  considerations  neglected  by  Parent,  and  by  all  those  who  bad 
Adopted  the  rule  of  this  mathematician  with  too  much  confidence. 
The  problem  in  all  its  generality  may  b«  insoluble ;  but  in  the 
■pplieation  of  it  we  are  at  liberty  to  neglect  (he  circumstances  which 
do  not  occur  in  any  of  the  machines  used,  or  which  can  only  pro- 
duce insensible  etfects.  By  this  means  Bossut  arrives  at  a  formula 
which  may  be  adapted  to  all  possible  cases,  either  by  varying  some 

■  terms,  or  by  suppressing  them  altogether.  He  obtains  in  this 
'-manner,  if  not  the  rigid  accuracy  which  belongs  exclusively  to  pure 

analysis,  that  degree  at  least  with  wliich  the  arts  may  be  satisfied. 
These  [larticular  memoirs,  and  vaiious  others  which  we  have  not 

■  room  to  analyze,  are  to  be  found  in  the  Encyclopedic  Methodtque, 
of  which  he  was  one  of  the  editors,  or  in  the  Course  of  Mathe- 
matics which  he  composed  for  the  use  of  the  pupils  whom  he  exa- 
mined, or  in  his  Treatise  of  Hydrodynamics,  a  more  recent  work, 
in  which  he  had  iotroduced  his  ditferent  experiments  on  the  uxitions 
of  Sutds. 

"  It  is  only  a  ttiathecnitician,"  said  on  that  occasion  Condorcet 
in  the  Hbtory  of  the  Academy,  "  It  is  only  a  mathematician  well 
skilled  In  the  theory  and  practice  who  can  give  to  experiments  the 
fonn  which  tliey  ought  to  have  in  order  to  be  compared  with  the 
theory,  It  is  only  a  mathematician  who  can  know  either  what  pre- 
ci^on  in  the  theory  an  esperiraent  may  produce,  the  accuracy  of 
which  is  known,  or  with  what  precision  experiments  ought  to  be 
made  in  order  lo  be  employed  in  constructing  or  verifying  a  theory." 

"  Experiments  made  by  a  mathematician  like  Bossut,"  continues 
Con«lorcct,  "  ought  then  to  be  very  precious  in  the  eyes  of  niatlie- 
tnaticians  who  wish  to  understand  the  theory  of  fluids,  and  of  tne- 
chnni<.-s  who  occupy  themselves  with  hydraulics." 

In  rhis  first  essay  Bossut  had  considered  the  motion  of  fluids  in 

geneml.     Four  years  afterwards  Government  charged  him  with  a 

'  T\tw  set  of  c.tpcriments  on  the  resistance  of  fluids  in  narrow  and 

'tiiaUuw  canais.     tie  maik  \\\i;rft  >.\i<i  sMbiject  of  a  work  publish! 
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1777-  K^xt  year  he  inserted  new  Qxp^ranents  into  the  vokiiae  of 
the  Acadeny,  the  object  gf  which  was  to  discover  the  bw  accordiog 
to  which  the  resistance  of  an  angular  prow  diminifihes  m  proportion 
as  it  becomes  more  acute. 

The  Course  of  MathenEiatics  of  Bosut,  at  th^  time  when  th« 
different  treatises  were  composed,  were  successively  published^  re^ 
ceived  much  praise  for  the  order,  clearness,  method,  and  philoso- 
phical spirit,  observed  in  it.  Ilie  historical  pre&ces  which  com- 
meoce  each  volume  were  particularly  praised.  This  book  long 
shared  equal  popularity  with  that  which  Bezout  had  composed  for 
the  artillery  and  marine.  Both  of  them  were  of  great  service  to  tho 
pupils  for  whom  they  were  destined.  Tliey  have  of  necessity  lost  a 
part  of  their  celebrity,  since  a  single  establishment  has  been  formed 
for.  the  instruction  of  those  destined  to  serve  the  state  in  all  the 
corps  which  had  formerly  their  particular  books  and  examiners. 
But  this  popularity  continued  long  enough  to  reward  the  aiithor  for 
so  many  labours,  and  made  him  nearly  independent  at  the  tiqao 
when  the  political  storms  threw  the  fortunes  of  all  into  confusion* 
Bossut  was  then  deprived  of  the  chair  of  hydrodynamics  established 
for  him,  and  which  had  esusted  only  for  a  few  years.  He  had  beea 
previously  deprived  (not  without  murmuring  at  the  injustice  of 
mankind)  of  that  place  of  Examiner  which  be  hid  filled  with 
probity,  and  to  the  general  satisfaction  of  the  pupils  of  Government* 
In  lieu  of  these  places  of  Examiner,  Professor,  and  Academician^ 
Bossut  obtained  only  some  transitory  aid  voted  by  the  advice  pf  ibii$ 
Board  of  Ck^nsultation,  and  a  lodging  in  the  Louvre,  which  he  ea-f 
joyed  only  a  few  years.  It  was  then  that  he  buried  himself  in  that 
retirement  which  his  age  and  the  state  of  his  income  renderetl 
necessary  for  him.  Here  he  jneceived  some  consolations.  Th^ 
Institute  restored  to  him  a  part  of  what  he  had  enjoyed  «sa  Mepnber 
of  the  Academy  of  Sciences.  He  was  named  one  of  the  Kyamiperv 
of  the  Polytechnic  School,  and  when  after  more  than  50  years  of 
services  age  and  infirmities  obliged  him  to  retire,  his  salary  was  oopi« 
tinned,  which  he  so  well  deserved  not  to  lose* 

It  was  in  this  solitude  and  absolute  separation  from  society  that 
be  wrote  his  history  of  the  mathematics,  of  which  two  editions  were 
sold  in  less  than  six  years.  Two  volumes  are  very  little  for  so  vast 
a  subject.  Mathematicians  accoiidingly  will  find  the  work  too  in- 
oomfdete  and  superficial.  But  it  was  not  for  them  that  he  had 
written  it.  We  see  by  the  reflectioaa  which  he  made  on  the  His** 
tory  of  Montucla  that  he  was  sensible  of  the  spirit  and  manner  in 
which  such  a  work  should  be  composed.  But  he  adds  immediatelyi 
that  his  design  is  not  to  give  that  profound  history  in  which  all  the 
parts  of  mathematics  should  be  analyzed,  and  which  may  to  a  cer* 
tain  amount  save  the  trouble  of  reading  the  Authors  themselves^ 
especially  those  whose  methods  are  antiqqattnl  "  M  fitl^mpta  only 
to  give  a  general  sketch  of  the  progreaa  ff  «  4cs  £rpm  their 

ot'ipQ  to  the  {Nv^sent  time,  to  honour  the  m^  lie  gr^t  mevt 

4«ho  have  eiuendid  iCi.«nMre^  mA  ea^wjuHf  ^^^^ 
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a  tai-le  for  these  sublime  stuclit?s."  He  remembered  doubtless  what 
be  himself  had  felt  on  readinj^  the  writings  of  Foutenelle. 
'  The  first  edition  only  bore  the  modest  title  of  Essay.  He  ac- 
knowledged afterwards  that  he  was  satisfied  with  io  success.  His' 
Xssay  had  been  tratidated  into  different  Intiguages.  It  was  well 
arranged,  clear,  and  well  written.  He  acknowledges  at  the  same 
time  that  the  second  edition,  entitled  General  History,  waa  les» 
fortunate,  and  had  been  very  severely  criticised.  The  cause  which 
he  assigns  for  thi^  difference  i?,  that  in  the  Essay  he  had  refrained 
'ftom  speaking  of  living  authors,  whereas  when  he  continued  his 
history  to  our  own  time  he  could  not  but  find  judges  more  difficult 
10  satisfy.  Without  denying  absolutely  the  justice  of  this  remark, 
we  must  acknowledge  likewise  that  the  reasons  which  he  assigns  for 
Certain  omissions  appear  very  weak.  The  most  disinterested  reader! 
must  see  that  different  modern  works  are  not  appreciated  with  a 
frare  and  details  proportional  to  their  importance.  The  author,  who 
had  given  an  interesting  account  of  the  discussions  between  Newton 
and  Leibnitz,  nnd  the  more  recent  disputes  of  the  two  protectors  of 
his  youth,  Clairaut  and  d'Alembert,  was  more  sparing  in  speaking 
of  authors  whom  he  had  studied  with  more  care,  and  for  whom 
perhaps  he  had  not  the  same  aftection.  This  restriction  is  equally 
apparent  in  what  he  says,  and  in  what  he  suppresses ;  and  this  part 
of  the  work  requires  to  be  done  over  again.  "  His  great  age  and 
his  infirmities  deprived  him  of  the  hope  of  doing  better,  or  being 
ttiore  happy."  But  he  thinks  that  "  his  work  is  of  a  nature  to  be 
perfected  by  successors  mdl^e  capable  of  fulfilling  his  intentions."- 

These  intentions  were  to  be  just  and  impartial;  but  he  wished 
that  others  should  be  with  respect  to  him  what  he  wished  lo  be  with 
respect  to  others.  He  acknowledges  in  a  posthumous  manuscript 
which  has  been  sent  us  "  that  he  always  had  a  harshness  of  cha- 
racter, which  often  injured  him  with  those  who  only  knew  him 
superficially.  He  did  not  easily  grant  his  confidence ;  he  believed 
all  mankind  in  general  dissemblers  and  deceivers  ;  hut  when  he 
gave  himself  up  to  the  natural  frankness  of  his  soul,  he  brought 
Into  the  commerce  of  life  an  eflTusion  of  true  feeling,  which  pro- 
cured him  a  great  number  of  devoted  friend?,  especially  in  the 
Military  Corps  of  Engineers." 

"  He  abhorred  impostors  of  all  kinds,"  said  he,  likewise;  "lie 
had  often  the  imprudence  to  make  them  acquainted  with  his 
opinions ;  but  he  was  always  in  search  of  true  merit." 

*'  He  was  obliging;  and  he  complains  bitterly  of  ungrateful 
'  persons," 
■  "  He  was  persuaded  that  men  who  owed  every  thing  to  liiiti  had 
shown  the  greatest  rancour  against  him,  and  had  given  themselves 
■  a  great  deal  of  trouble  to  prevent  him  from  obtaining  places  to 
which  he  had  never  aspired." 

It  is  not  surprising  that  with  such  opinions,  embittered  by  soli- 
tude, and  strengthened  by  the  kind  of  abandonment  in  which  he 
tlioaght  hfmself  placed,  utiei  WVmg  e^iS^o-jei  ti,  tm\V  and  influence 
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the  diminution  df  which  he  exaggerated,  he  was  not  very  anxious  to 
point  out  the  merit  of  contemporaries,  whom  he  thought  in  general 
unfavourably  dis{X)sed  towards  himself.  We  find  the  efiect  of  these 
opinions  in  a  very  bad*humoured  preface  to  his  Mathematical  Me^ 
moirsy  published  in  1812.  These  memoirs  are  those  which  had 
gained  prizes,  and  been  published  at  the  time  by  the  Academy  of 
Sciences.  He'  adds  to'tfaetn  some  notes  on  his  Historv  of  Mathe* 
matics.  He  there  explains  or  demonstrates  theorems  which  he  had 
too  much  abridged ;  but  he  adds  nothing  to  fill  up  the  blanks  which 
bad  excited  the  outcries  of  which  he  was  so  sensible. 

We  must  lament  that  he  was  so  long  the  dupe  of  a  cloudy 
imagination^  which  rendered  the  last  years  of  his  life  unhappy. 
Before  age,  infirmities,  and  the  loss  of  his  places,  had  laid  open 
this  disposition  to  misanthropy,  he  appeared  to  us  to  be  filled  with 
benevolence.  1  shall  always  recollect  with  gratitude  the  notice 
which  he  paid  as  Director  of  the  Academy  of  Sciences  to  the  first 
essays  which  1  presented  to  that  body ;  and  yet  he  knew  that  I  was 
particularly  connected  with  an  astronomer  whose  friend  he  was  not, 
and  of  whom  he  must  have  considered  me  to  be  the  pupil  and 
proteg6.  1  may  add  that  I  never  found  the  least  change  in  his 
disposition  towards  me,  though  I  ventured  to  express  an  opinion 
opposite  to  his  with  regard  to  some  points  of  ancient  astronomy. 

We  may  place  his  omissions  in  a  more  favourable  point  of.  view, 
though  we  cannot  pretend  to  excuse  them  entirely.  A  great  work 
on  transoendental  mathematics  is  not  read  with  the  same  facility  as 
s,  work  of  history  or  literature.  To  understand  its  merit,  to  be  able 
to  explain  its  plan,  and  to  point  out  the  most  interesting  parts  of  it, 
.It  degree  of  labour  and  attention  is  requisite  of  which  old  age  is  np 
longer  capable.  A  mathematician  possessed  of  the  true  genius  of 
invention  may  astonish  us  by  new  productions  at  an  advanced  period 
of  life.  These  productions  will  be  the  de\'elopements  of  former 
ideas,  to  draw  the  consequences  from  which  no  opportunity  had 
previously  occurred.  But  he  would  be  terrified  at  the  thoughts  of 
following  for  a  long  time  the  steps  of  another  mathematician.  It 
was  in  town  that  Lagrange  composed  his  last  works,  and  at  the  same 
time  be  avowed  the  necessity  of  going  to  the  country  to  form  an 
exact  idea  of  the  new  methods  of  M.  Gauss. 

Bossut  wished  to  be  just  and  impartial ;  and  he  wished  it  in  con- 
sequence of  that  harshness  of  character  of  which  he  accuses  hira«* 
telf,  and  of  which  he  ha^  giveh  numerous  proofs^  We  shall  only 
4)otioeone. 

At  the  time  that  he  was  Examiner  of  Engineers,  the  Comte  de 
Muy,  at  that  time  Commander  of  the  Order  of  the  Holy  Ghost, 
and  Governor  of  the  Province,  and  afterwards  Marshal  of  France 
and  Minister  at  War,  had  personally  recommended  to  him  a 
number  of  pupils,  who,  by  a  singular;;^  .were  almost  never 

worthy  of  being  admitted,  and.  wb<^«;it  pt, rejected.    The 

Comte  de  Muy  had  expressed  some  d^p^-  ^  at  thia.    When 

Afteiwards  be  bec^n^ Minister  at  W^f^t  ^^'^'^^ 
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eustoni,  BoRut  went  to  him  for  the  first  time  with  it  ttatem^nt  of 
the  pxamination  which  had  been   made,  ihe  Minister  signed   tha 

IproiUotioTi  vvithout  hcsiiaiiiig,  addressing  to  Bossut  these  wordst 
equally  honourable  to  ihe  Minister  and  the  philosopher:  "  1  sub' 
icribe  blindly,  for  I  have  already  esperienced  that  it  is  not  necesnt^ 
td  eramine  after  you." 

Bossut  was  a  great  admirer  of  Pascal,  whose  works  he  publidted 
in  1 77^'  He  had  collected  with  the  greatest  care  all  the  Thowghii 
imd  other  unpublished  pieces  furnished  him  by  manusci^plt  and 
authentic  copies.  For  the  first  time,  PaaMl  appeared  in  a  comptete 
■  form.  The  editor  did  not  wish  to  conceal  ot  suppress  any  thing, 
not  even  the  note  written  about  a  month  aiV*r  the  accident  at 
KeuiHy.  It  wbs  for  this  edition  thot  Bossut  composed  his  disrours* 
dn  the  life  and  writings  of  Pascal,  which  he  republished  afteru-ardt 
Is  soon  as  an  opportunity  occurred.  It  was  of  all  his  work6  ihnt 
Which  had  been  written  with  most  attention  to  ihe  ttyle,  and  in 
whjt-h  he  had  given  his  own  opinions  on  subjects  of  litemturc^ 
rtienee,  and  religion.  He  saw  in  Pascal  **  a  singular  phenomenoa 
fiiBt  deserved  to  be  often  recalled  to  memory.  This  profound  reti- 
loncr  was  at  the  sHme  time  a  rigid  and  submissive  Christian,"  W* 
Bee  that  Bossut  wished  here  to  draw  his  own  character.  Destined 
in  his  youth  for  the  church,  known  till  1792  ondcr  the  title  of 
At^,  if  his  passion  for  mathematics,  and  his  duties  as  a  Professor, 
to  which  he  was  called  so  young,  did  not  permit  him  to  devote 
'  Irimself  entirely  to  the  ecclesiastical  state,  he  preserved  at  leaat  it» 
Manners  for  a  long  time,  and  mamtained  the  opinions  belonging  ti» 
{I  all  his  life  long. 

'   He  died  on  the  14ih  January,  ISM,     His  place  in  the  instiW 
htis  been  filled  up  by  M.  Ampere. 
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Ok  Septaria.    By  Dr.  C.  Wilkinson,  of  Bath,  M.G.a 

(To  Dr.  ThomsoH.) 
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SEAR  EfR, 


■  ©EmiNc  a  visit  I  made  at  Harwich  last  May  in  company  with  my 
learned  friend  the  Hon.  Gen.  Sir  B.  Henniker,  Bart.  1  had  fre^ 
t[iient  opportunities  of  examining  the  clifls,  and  the  progressive  for- 
mation of  septaria.  These  cliife  arc  about  30  or  40  feet  above  the 
level  of  the  sea,  and  consist  of  a  laigc  jwopnrtion  of  ferruginous 
Way,  some  silex,  and  carbonate  of  hme,  Afttr  every  sihowerof 
*ain,  if  the  water  ab«orhed  be  removed  by  evaporairon,  or  expM*ded 
ty  frost,  large  portions  of  the  cliff  hecome  detffcbed.  ftll  on  the 
•hore,  and  lieCome  exposed  to  die  influenoe  of  spring  tides.  Duriii^ 
tte  fericd  of  tay  ireaWenot  va.  tte  iica.  ^oit^  I  observed  tbat  in  «lNH1 
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space  of  ftwoof  lliree  weeks  tbe  detadned  portloot  acquired  in  nany 
instances  almost  a  flinty  hardoess.  These  are  bn>ke  into  small 
txeceft  of  about  8  lb«  weighty  piaoed  in  a  kiln  siinilar  to  a  lime* 
kUn^  and  exposed  nearly  to  the  sane  degree  of  heat;:  triiea  r»« 
moved  from  the  kiln,  they  are  reduced  to  a  fine  powder  in  a  grind* 
ing  mill,  and  then  oonstitute  tbe  same  cementing  majfaeoal  ta  vAaaik 
is  known  under  the  name  of  Larkin  Cement* 

The  cUffy  when  examined  in  situ,  has  aU  the  appeaianoe  of  at| 
uniform  ai^llaceous  rnas^  except  in  some  parts,  separated  by  a 
whitish  thin  horiacntal  layer,  which  oonsisti  ^ncipaliy  of  carbonate 
of  lime.  Mott  <>f  the  portions  at  the  period  of  being  detached 
hate  an  homogeneous  appearance.  During  the  period  of  desiooa* 
tioo  a  veiy  curious  change  takes  place,  llie  exterior  part  hardeat 
first,  to  a  certain  txtent ;  and  as  this  change  is  advancing  towarda 
the  central  portion,  a  fissure  is  produced,  and  the  cairbonate  of 
Uaae,  which  retains  its  soft  state  mudi  longer  than  the  argiUaoeout 
jKmion,  b  mecbanically  separated  irom  the  clay,  and  pressed  into 
this  diffided  pert,  in  its  first  stage  i  have  remarked  it  to  be  neaf 
half  an  inch  below  the  surface  ci  the  detached  portion.  In  tbia 
state  it  18  soft,  but  not  fluid.  After  tviw  or  three  days  the  calcareom 
matter  becomes  level  with  the  surface,  and  in  many  instances  pro* 
jecting  above.  As  the  carbonate  of  lime  hardens,  a  species  of  crys» 
talltzatwn  takes  place,  from  which  cause  there  is  an  additional  pro* 
trusion  of  tbe  »ibstanee.  During  these  processes  there  are  trans^* 
verse  fissures  in  different  directions,  considerably  smaller  thad  tb«[ 
fivst  separation*  These  smaller  clefts  are  filled  in  a  similar  manners 
When  perfectly  hardened,  and  cut  through,  a  coiii]^ete  septarinitt 
is  observed  to  have  been  formed*  It  appears  that  the  carbonate  of 
lime  is  meclianically  mixed  with  tbe  odier  portions;  and  when  it 
ejusts  beyond  a  certun  proportion,  from  remaining  softer  longet 
thdki  the  other  parts,  becomes  mechanioally  pifessed  in  that  direc- 
tion where  it  meets  with  the  least  resistance,  viz.  the  central  part  t 
when  the  |>roportion  of  carbonate  of  lime  is  small,  it  remains  inter* 
•mixed  witn  the  clay.  From  this  circnmstance  we'C^erve  many  of 
the  hardened  portions  without  any  calcareous  septa. 

It  appears  probable  that  oietailic  veins  may  be  formed  by  a 
aimilar  process ;  in  the  first  instance  an  apparently  homogeneous 
soft  mass;  and  that  during  the  subsequent  periods  of  consolidation^ 
tbe  metallic  mass,  undergoing  diis  change  more  slowly,  may  be 
iMiilarly  detesmi&ed  in  any  fissure  formed  by  tiie  desiccation  of  tbe 
other  materials.  If  idifierent  metallic  substances  should  require 
idifferent  periods  for  consolidation,  we  may  form  some  idea  of  the 
ibrmation  of  cross  cottrses, 

[moulded  into  an  oblong  form  some  of  the  detached  portions  of 
tiie  diff ;  the  first-formed  fissure  was  longitudinal  %  such  was  to  be 
Mpeoted,  as  the  resistonoe  in  that  direction  would  be  the  least. 

In  Cornwall  we  observe  the  principal  metallic  veins  we 
mnd  these  are  generally  vk  the  mrection  E.  and  W.  ttm% 
4Cqr4iwaii  ai  4  latge  oblong  omus»  tbe  langkadwifcl  HwpJj 
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in  that  direction,  while  the  cross  courses  arc  gencralty  fDIcd  with 
,  lome  o)ht;r  material.  We  may  bence  conceive  why  the  metal- 
liferous lime-stone  of  Derbyshire  may  be  separated  by  amygtlaloidal 
Strata  called  toad-atone.  The  metallic  vein  in  the  upper  stratum  n( 
mountain  lime-stone  is  cut  off,  and  again  appears  in  the  calcareous 
bed  lielotv  the  toad-stone  stratum.  Upon  the  furegoing  princi^^es 
we  may  explain  the  formation  of  veins  without  having  recourse  to 
the  Huttoniaa  or  the  Wenterian  theories;  and  I'ml'essor  Playlair 
has  adduced  the  septarium  as  a  strong  illustration  of  its  arrange* 
Bients  depending  uptui  its  previous  fluid  stale  by  the  agency  of  lieaL 

The  carbonate  uf  iron  nearly  constitutes  one-third  of  the  argil- 
laceous mass;  and  its  cementing  powers  depend  upon  the  large 
proponioQ  of  this  metallic  matter.  With  the  portions  of  the  ciifF 
are  found  great  quantities  of  pyrites  in  thin  flattened  portions, 
^hich  have  all  the  appearance  of  having  been  previou*ily  in  a  soft- 
ened state,  as  they  bear  the  marks  of  impression  from  the  surround- 
.ing  materials:  and  it  i«  not  uncommon  to  find  poriiuns  of  wood 
Strongly  indented  in  them,  and  in  that  condition  as  to  render  it 
impossible  that  they  could  ever  have  been  exposed  to  the  agency  of 
heat.  In  such  abundance  this  sulphuret  of  iron  exists,  as  to  lar^Iy 
coDiributc  to  the  supply  of  a  copperas  work  in  the  vicinity  of  Har- 
wich. Although  the  quantum  of  pyrites  is  so  considerable,  yet  no 
tVaces  of  the  sulphuret  of  iroo  are  discoverable  in  the  argillaceous 
moss.  The  formation  of  these  pyritical  masses  favour  the  opinion  1 
have  ventured  to  offer  relative  tu  the  formation  of  veins.  If  we 
regard  all  the  sulistances  which  constitute  the  cliff"  to  have  been  in  a 
»ery  softened  state,  and  to  have  been  formed  of  a  general  admixture 
of  alumina,  silex,  carbonates  of  lime  and  of  iron,  and  of  the  sul- 
phuret of  iron ;  in  the  first  stage  of  desiccation  the  sulphuret  of 
iroB  appears  to  be  the  first  portion  thus  mechanically  separated.  As 
the  complete  con.^ltdniion  cannot  lake  place  in  situ,  on  account  of 
the  retentive  power  of  the  large  proporiion  of  alumina  for  water,  as 
soon  as  portions  of  the  elitf  are  detached  and  exposed  to  the  air,  the 
hardness  aliove  noticed  takes  place,  with  the  changes  already  par- 
ticularized. 

Id  the  vicinity  of  Bath  we  have  frequent  opportunities  of  ob- 
Mrving  in  our  rocks  vegetable  and  animal  remains  in  such  conditions 
IB  to  favour  the  supposition  that  the  surrounding  mass  has  been  in  a 
similar  softened  &tate.  Lately  a  stratum  of  blue  lyas  nt  Twyerton 
has  been  worked  for  the  purposes  of  repairing  the  roads.  In  tliis 
Tock  some  ammoniies  of  nearly  12  inches  in  diameter  have  been 
discovered,  inoet  curitHisly  compressed  out  of  their  usual  spiral 
direction,  without  any  destruction  of  the  general  characters  of  the 
cast  of  ihe  shell  of  this  supposed  sea  snail.  In  the  fissures  of  this 
lyas  bed  there  are  numerous  beautiful  octohedtal  crystals  of  pyrites, 
and  in  the  same  clcfis  are  found  large  portions  of  wood,  which  have 
all  the  appearance  of  having  been  sofiened  and  flaitened,  the  lig- 
neous character  in  many  parts  well  preserved,  while  the  greater 
portions  are  converted  into  beautiful  ^et.  I  have  one  uf  these  piec^, 
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nearly  2  lb.  in  weight,  one  end  of  which  has  the  cdomr  and  pro* 
perties  of  the  Bovey  coal^  and  the  retnainiiig  portion  in  the  state  of* 
Jet,    The«e  ligneous  portions  have,  in  their  drying,  split  in  different^ 
directions,  and  into  these  divisions  sulphuret  of  iron  has  beeiV' 
pressed.  ' 

It  is  a  drcumstance  remarked  by  agriculturists,  that  when  stiiE 
clay  lands  are  well  limed,  however  carefully  mixed  and  ploughed^ 
into  the  clay^  in  the  course  of  time  a  series  of  hardened  calcareous 
Boassea  are  formed,  evincing  that  during  the  changes  of  the  condi^^ 
lions  of  the  argillaceous  part,  in  its  softening  and  in  its  dryiog* 
stages,  the  lime  becomes  mechanically  separated. 

I  shall  take  the  liberty  of  troubling  you  for  a  future  numbep  with^ 
some  remarks  on  the  results  of  the  analyses  I  have  made  on  the' 
ttibstance  of  this  cliff,  before  and  after  its  calcination. 

I  am,  dear  Sir,  yours  respectfully, 

C.  H.  Wilkinson;     » 
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jin  Essay  on  the  Shapes,  Ditnensions,  and  Positions  of  t/ie  Spacer, 
in  the  Earth  which  qre  called  Rents ^  and  the  Arrangement  of  the. 
Matter  in  them :  with  the  Definition  and  Cause  of  Stratification^ 
jBy  Mr.  John  3.  Iiongmire.  .  .        i 

(CotKsnved /rom  p.  S17.)      '  • 

On  Smfojoe  Rents^ 

I  HAVE  said  that  the  earth's  features  are  owing"  to  the  unequal' 
contraction  of  its  matter :  the  object  of  the  following  essay  is  tor 
prove  this  assertion.  » 

*  The  dry  land  is  generally  divided  into  mountainous  and  flat- 
ground.  Mountainous  ground  consiists  of  many  long  elevations  and 
depressions,  or  mountains  and  valleys,  which  are  generally  situated 
in  the  following  order :  one  range  of  mountains  divides  the  moun- 
tain ground  into  two  parts  j  both  of  which  last  contain  ranges  that 
make  with  the  principal  ranges  either  right  or  acute  angles;  and' 
sometimes  either  or  both  of  them  contain  small  ranges  similarly 
disposed  towards  them  as  they  are  to  the  principal  range.  A  range 
of  vallies  lies  between  two  ranges  of  mountains.  If  a  line  be  drawn 
round  the  principal  range,  that  for  the  greatest  part  is  parallel  to  it^ 
but  that  shall  cross  all  the  secondary  ranges  at  right  angles.  The 
surface  line  of  these  ranges  in  this  direction  will  be  well  repre^ 
sented  by  the  undulating  line  abed  efg^  fig.  4,  Plate  XXXVIIL 
which  line  encloses  three  mountains,  h^  a,Jf,  and  leaves  two  valleys/' 
r,  ^,  between  them.  This  alternation  of  mc  valley  is  thus 

accounted  for.    Tl>e  earth's  matter,  b^  ttmed  its  pre- 

sent degree.of  solidity,  diminished  conaiiii  *-  tisA W^^cw 
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elementary  substances  are  noi  the  same,  nor  tb^r  proportions  kr  ooa 
anutlier  equal,  in  every  part,  the  parts  which  ditfered  from  othrn 
diminished  in  bulk  marc  or  less  than  they.  Hence  Gome  parts  have 
sunk  much  lower  than  others;  but  as  in  general  that  difierence  ia 
the  comiKinent  parts  of  matter  reached  its  maximum  progressively, 
it  is  productive  of  the  undulated  surface  before  describe^^  under 
Vhich  the  matter  at  a,  c,  e,  sunk  lower  than  at  b,  d,f. 

The  shape  of  mountain  and  valley  just  mentioned  appears  to  be 
tlie  most  general,  though  not  the  only,  one :  for  when  the  matter 
Under  valleys  sunk  below  the  tops  of  mountains  above  a  certain 
distance,  it  appears  to  have  separated  the  mountains  into  two  or 
more  parts.  iJet  Gg.  5  be  the  cross  section  of  a  mountain  that  ii 
broken  into  two  parts.  A,  C.  Let  a  Z-  c  be  the  geueial  surface  line 
of  a  mountain  when  it  preserves  the  ordinary  figure.  But  lbs 
matter  under  the  vaDies  a,  e,  sunk  tower  than  this  line  liy  the  depths 
ck  and  arf ;  and  in  doing  so  it  forced  the  mountain  A  C  to  separate 
in  the  middle  at  i  g  ;  and  one  side  to  pass  from  h  g  ioe  g,  and  the 
other  from  I  g  to  i  g.  The  valley  B,  therefore,  is  formed  by  the 
Reparation  of  the  mountain ;  and  the  sides  e  g  and  g  t  are  not 
natural,  but  forced,  surfaces.  As  all  valleys  similar  (o  the  valley  B 
are  filled  up  lo  certain  heights,  say  equal  to  the  height  of  the  line 
f  h,  doubts  may  be  entertained  if  the  sides  i  s  and  e  g,  as  seen  on 
the  surface,  really  continue  to,  and  meet  at,  the  point  g ;  but  suflS- 
iSent  proofs  are  found  in  the  appearance  of  the  sand  and  gravel, 
«nd  in  the  water  of  lakes,  by  which  such  parts  us  the  part  f  g  h  are 
£lled.  In  the  middle  of  the  last  described  valley  we  sometimes 
meet  with  a  rock,  D,  fig.  fi,  rising,  as  it  were,  out  of  the  body  of 
sand.  Such  a  rock  continues  downwards  till  it  meets  the  sides  h  k 
and  h  m,  at  m  and  k,  and  the  hollo«-s  kc  d  and  Fg  m  are  filled 
\rJth  gravel  and  sand,  or  with  the  water  of  lakes.  The  pass  bctwdea 
Ambleside  and  Cockermouth,  and  probably  that  between  the  east 
and  west  seas,  which  contains  the  lakes  Linnhe,  Locky,  and  Nees, 

:  consist  of  a  succession  of  valleys  like  that  valley  just  described. 
Sometimes  a  mountain  Is  separated  into  three  parts,  as  fig.  7  repre- 
Bents.  In  all  these  Ecpanuions  the  opposite  sides  of  valleys  are 
seldom  of  the  same  height;  and  sometimes  one  side  of  a  valley  is 
so  much  lower  than  the  other,  as  to  be  locally  covered  with  alluviai 
matter,  or  with  lakes.  The  valley  of  Windermere  has  this  appear- 
luice :  gh  i,  fig.  8]  is  the  lake,  i  I  tlie  steep  side  of  the  motintaiii 
on  the  west,*^  and  gf  the  flat  ntouutaiu  on  the  east  side  of  the  lake. 
The  part  e/h  was  once  as  high  as  the  part  i  in;  at  that  time  tjiey 
would  appear  like  the  pricked  sectional  lines  u,  b,  c,d;  but  the 
former  part  having  a  tendency  to  sink  lower  than  tlie  lattt^,  a  sepa- 
ration took  place  between  them,  and  left  them  at  liberty  to  cuntract 
independent  of  each  Mhcr ;  accordingly  the  part  a  li  eunk  to  e  fk, 

^  sad  the  part  c  J,  xo  I  mi  but  the  part  g  hi  of  the  side  /AW 
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covered  with  the  lake  and  alluvial  matter,  so  tbat  the  steep  side  k^ 
which  corrcspnnds  with  the  steep  side  i  I,  cuoiiot  be  seen.  ,l  ■ 

All  the  vents  in  a  group  of  mountains  are  resolvable  into  some  m  f 
the  turcgoiag  rents :  and  all  mouDtaixis  and  vallles  are  coniptised  of 
some  one,  or  combinations  of  two  or  more  of,  or  all,  thei^e  Diitural 
or  rented  inequalities.  When  a  mountain  is  separated  into  parts  by 
siirfac-e  renis,  the  coaimoti,  or  undulated  figure,  is  often  di:^guised, 
or  rather  altered  ;  but  a  suificienl  resemblance  still  remains  between 
its  figure  as  it  w|)e>rs  at  present,  and  what  it  was  before  these  rents 
)iap[]ened,  to  distinguish  the  origkial  extent  and  shape  of  every 
mountain.  Where  mountains  and  valleys  are  small  undulated  in- 
equalities, as  in  the  primitive  district  of  Cornwall  and  Devonshire^ 
surface  rents  are  wanting ;  and  from  tliia  circumstance  arises  the 
tameness  of  the  scenery  in  these  parts ;  but  in  the  mouniaius  of  the 
northern  parts  of  England  and  Scotland  the  undulations  are  much 
higher,  and  of  course  surface  rents  abound,  and  give  the  charac- 
teristic sublimity  to  these  mountains. 

I  have  hitherto  confined  my  remarks  to  the  primitive  mountains. 
The  mountains  of  transition  liuie-stonc  have  steep  sides  which 
generally  face  the  primitive  mountains,  and  flat  sides  next  the  floelx 
or  stratified  countries  ;  but  loroetimes  the  steep  side  faces  the  stra- 
tified formations,  and  occasionally  any  point  between  the  primitive 
and  stratified,  fonnarions.  Tliis  diSereace  in  the  position  of  the 
mountain  masset  of  lime-stone  is  thus  accounted  for.  When  the 
lime-stone  lies  on  the  remote  side  of  a  mountain  range,  whose  long 
direction  is  parallel  to  that  of  the  principal  mountain  range,  the 
steep  side  faces  the  centre  of  the  mountains :  and  when  it  lies  oq 
that  side  of  such  a  mountain  which  is  nearest  the  centre  of  the 
primitive  group,  its  steep  side  then  faces  the  stratified  formations; 
but  if  it  lie  on  either  side  of  a  mountain  whose  position  is  at  right 
angles  to  tliat  of  the  principal  range,  its  steep  side  neither  faces  the 
tentre  of  the  group,  nor  directly  the  stratified  formations,  but  a 
place  half  way  between  these  extremes.  The  reason  why  mountain 
masses  of  lime-stone,  lying  only  on  one  side  of  primitive  mountains, 
must  have  steep  and  flat  sides,  will  appear  on  examining  the  dia- 
gram attached  to  fig.  4.  The  floetz  formations  have  undulated  in- 
e(]ualitiei  also,  but  they  are  much  smaller  than  those  of  the  primi- 
tive matter.  The  smallnesa  of  these  inequahties  is  owing  to  the 
following  circumstances  ;  a  collection  of  the  floetz  formations  lies 
in  very  large  hollows  of  the  primitive  and  transition  matter.  Hence 
as  this  hollow  was  forming  and  filling  slowly  and  progressively,  ihe 
lower  half  had  time  to  acquire  a  considerable  degree  of  solidity,  so 
that  whfn  the  hollow  was  filled  it  was  mostly  the  unequal  contraa- 
lion  of  the  matter  in  the  ifpper  half  of  the  formations  that  couf) 
a^ct  tite  sorhice ;  ami  the  inequality  in  the  contraction  of  this  pi^t 
would  give  rise  to  unly  sinaU  elevations  and  depressions.  Whm 
eiiber   the   tops   of   ifoktUd,  'Wing,  unstratitied,  moumaln^ 

which  are  composed  either  vf  "^^ter,  such  as  clayrslst^ 
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Jcc.  or  lime-stone,  or  the  tops  of  uoderlyinc^,  stratified  moantBifu, 
luch  as  some  of  the  newest  fioetz  trap  formations  of  Werner,  appear 
above  the  general  stratiiied  formations  which  surround  them,  they 
have  individually  one  steep  and  one  flat  side,  and  are  mucli  larger, 
than  any  other  inequalities  that  are  found  among  the  stiatlBed  for- 
Stations. 

,.-  The  undulated  figure  of  tiie  earth's  inequalities,  as  has  been 
shown,  took  its  rise  from  tlie  sinking  of  the  ground  lower  in  one 
part  than  in  another,  and  ihe  rented  surfaces  were  formed  by  its 
nnking  below  natural  valleys,  so  much  that  the  high  ground  was 
-forced  to  separnie  into  parts,  to  permit  the  continuation  of  that 
sinking.  Therefore  all  the  earth's  features  are  owing  to  the  imequat 
<DDIractioa  of  its  matter. 


I 
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Article  IV. 

'  On  ihe  Collision  of  perfectly  Hard  Sadies.    By  Mr.  John  Gough. 

;  (To  Dr.  Thomson.) 

SIR, 
BoBijis  are  divided  into  elastic  and  inelastic,  from  a  very  obvious 
difTerence  in  their  eft'ecis  after  collision :  they  are  also  distinguished 
by  the  epithets  of  hard  and  soft,  from  their  comparative  pliantness. 
Hardness  and  softness  are  terms  with  which  every  one  is  acquainted; 
but  ihc  liuman  mind  constantly  endeavours,  in  the  contemplation 
of  the  qualities  of  things,  to  conceive  them  in  a  state  of  perfectiun; 
for  it  thereby  acquires  precise  definitions,  which  are  aftenvards  used 
in  comparing  the  same  qualities  as  they  occur  in  nature.  For  this 
xeason  philosophers  define  that  body  to  be  perfectly  hard  which  is 
■to  constituted  as  to  resist  all  change  of  figure  when  acted  on  by  a 
finite  force.  On  the  contrary,  those  bodies  are  said  to  possess  the 
.quahty  of  hardness  in  an  imperfect  degree  which  nndergo  any 
.alteration  in  their  shapes  from  collision  or  pressure ;  which  changes 
-%re  evidently  produced  by  an  internal  motion  amongst  their  consti- 
tuent {articles ;  and  this  motion  is  as  evidently  effected  in  time  io 
cionsequence  of  an  external  force  being  applied  to  the  mass.  After 
inathematicians  have  divided  bodies  into  the  kinds  stated  above, 
they  proceed  lo  lay  down  the  laws  of  collision  by  help  of  these  de- 
.finitions;  but  tlicir  demonstrations  do  not  appear  to  be  conducted 
with  the  same  perspicuity,  nor  even  with  equal  correctness  in  all  the 
ca^es ;  I  mean  in  those  relating  to  hard  bodies.  For  theorems  have 
been  invented,  expressing  the  interchange  of  motion,  arising  from 
the  collision  of  bodies  which  are  perfectly  clastic,  and  of  such  as 
are  imperfectly  so ;  and  the  results  are  found,  upon  comparison,  to 
.differ  essentially.  But  when  the  same  interchange  comes  to  be  in- 
vestigated in  the  cast  of  hard  bodies,  no  notice  is  taken  of  perfect 
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'ttid  imperfect  hardness ;  but  the  result  of  the  inquiry  is  ccnninoDlj^ 
preferred  to  bodies  possessing  the  quality  in  an  absolute  degree; 
though  it  is  manifestly  derived  from  the  properties  of  matter  whidl 
is  comparatively  soft  or  pliant.  The  fundamental  theorem  b  comt 
monly  expressed  in  the  following  manner,  or  nearly  so.  If  two 
perfectly  hard  bodies  impinge  upon  each  other,  they  will  movi 
together  after  collision  with  the  velocity  due  to  their  common  cetttrt 
of  gravity  before  and  after  impact,  or  else  both  will  remain  at  resti 
The  arguments  advanced  in  support  of  the  proposition  may  be  thui 
atated.  When  a  perfectly  hard  body,  A,  impinges  directly  on  an* 
other  perfectly  hard  body,  B,  part  of  A's  motion  is  transferred  to 
B,  by  the  action  of  A-;  and  an  equal  quantity  is  taken  from  A  bjr 
,  the  re-action  of  B.  Thus  is  the  velocity  of  B  augmented,  and  that 
,  of  A  diminished,  until  they  become  equal,  when  action  and  re- 
action ceases :  but  it  is  the  velocity  ak  the  bodies  which  is  changed 
by  collision,  not  the  momentum  of  the  system ;  therefore  tht 
velocity  of  A  and  B  becomes  equal  to  that  of  their  common  centre 
of  gravity,  from  the  force  of  impact ;  consequently  if  the  centre  of 
gravity  be  without  motion,  A  and  B  are  reduced  to  a  state  •f  rest. 
Such  are  the  arguments  advanced  in  support  of  the  proposition : 
but  if  only  part  of  A's  momentum  be  transferred  to  B,  and  that 
.  gradually  too  until  these  velocities  become  equal,  the  centre  of 
gravity  of  A  will  in  the  mean  time  approach  tluit  of  B.  In  other 
words,  the  figures  of  both  bodies  will  be  changed ;  consequently 
they  are  imperfectly  hard  and  inelastic. 

After  making  the  preceding  remarks  on  the  fundamental  the^ieHI 
elating  to  the  doctrine  of  collision  in  general,  I  will  endeavour -t^ 
investigate  the  effects  which  really  would  result  from  the  impact  cf 
bodies  possessing  the  quality  of  hardness  in  an  absolute  degree. 
"  For  this  purpose  the  reader  is  requested  to  fortn  the  simple  diagram 
for  himself,  which  is  easily  done, '  and  will  spare  the  editor  la  little" 
unnecessary  trouble.  r. 

JLet  A,  B,  F.y  G,  &c.  be  a  row  of  circles  toudiing  each  otfaef  < 
externally  in  succession.  Also  let  the  right  line,  C  I>,  passthrougtv 
their  centres,  and  the  figure  is  complete. 

Prop.  1.— If  a  perfectly  hard  body,  A,  moving  in  the  direction 
C  D  with  the  momentum  M,  impinge  upon  a  perfectly  hard* 
body,  B,  at  rest,  A  will  loose  all  its  momentum,  which  will  be 
transferred  to  B  in  the  same  direction,  CD;  for  as  soon  as  A  and 
B  come  into  contact,  their  centres  of  gravity  will  cease  to  approach 
fa^  definition;  therefore  A  will  exert  its  momentum,  M,  collectively^ 
upon  B  in  the  direction  C  D,  no  regard  being  had  to  time ;  and  B^ 
-will  re-act  in  the  same  manner  with  an  equal  force  in  the  directioi^ 
D  C ;  e.  ^.  A  will  be  urged  in  opposite  directions  by  equal  forces,^ 
one  of  which  is  its  own  momentum:  therefore  A  will  lose  all  iri^ 
motion  :  but  B  is  urged  in  the  line'C  D  with  the  mpmentum  of  A 
only ;  therefore  M,  or  this  momentum^  will  be  transferred  to  Bi-^ 
Q.  E.D.         ;         .  -  .    ■'■' 

Cor. — If  A  in  motion  impinge  upon  B  at  ret  t  in  a  row 


'  Om  ^&>  yeatUation  of  Coal-Minei. 
«f  bedieo,  B)  F,  G,  &c^  (vhicli  are  in  cootact ;  the  n 
of  A  will  be  instantaneoiisty  irausfened  to  the  furthest  bo<jy,  G^ 
fviiliout  any  chao^e  of  place  in  F  tuid  JB.  This  is  evident  froaa  tbe 
jHXjfwiitioii. 

Frtp.  2. — If  a  body.  A,  moving  in  the  direction  C  D  wttk  the 
VaomentLun  M,  ii>«et  anoiher,  B,  moving  in  the  direction  D  C  with 
the  momentum  It,  tliese  bodies  will  interchange  their  directions 
and  HWDicDia  ;  for  the  force  acting  upon  A  in  the  direction  D  C^ 
in  coneequence  of  B'k  re-8ciion  to  K's  motion,  and  the  ezeitiofi 
of  !is  own  momentum,  will  he  M  +  R;  but  A's  mooientum  ia 
C  D  is  M  ;  and  the  excess  of  these  forces,  viz.  R,  gives  A'« 
fnomentum  in  D  C  after  collision :  !n  like  manner  B  is  urged  in 
C  D  with  the  same  force,  M  +  R.  and  in  D  C  with  the  force  R. 
Therefore  M  is  B's  momentum  in  CD  after  impact.     Q.  E.  D. 

Cor. — Two  jKrfeelly  hard  bodies,  whose  centre  of  gravity  i« 
Ctatlonary,  arc  not  reduced  to  a  state  of  rest  by  collision. 

Prop.  3. — If  a  perfectly  hard  body,  A,  moving  with  the  momeiv- 
tum  M  in  the  line  C  D,  impinge  upon  another,  B,  also  moving  ia 
C  D  witli  tlie  momeutum  R,  no  change  of  direction  will  tate  place 
in  either ;  but  A's  momentum  after  impact  =  A  R  -^  B,  and  that 
of  B  =  M  +  R  —  A  R  -T-  B.  For  the  relative  velocity  cf  A  and 
£  before  collision  =  M-i-A  —  R-vB;  therefore  momentum  of 
collisioa  =  M— AR-i-B  =  re-action  of  B  or  A  in  direction 
P  C;  which  subtracted  from  the  greater  magnitude  M,  or  A's 
momentum  in  C  D,  gives  A  R  -^  B  =  A's  momentum  in  that 
direction  after  collision.  Again,  the  action  of  A  upon  B's  momen- 
tvm,  R,  in  the  same  direction  C  I>  gives  B's  momentum  after  im- 
!»«  =  M +R- AM-^B.    Q.E.D. 

Cor. — A  and  B  cannot  in  any  case  move  together  after  impact; 

for  supposing  they  can,  A's  velocity,  R-i-B  =  M-^B  +R-j- 

B  ~  A  R  —  B  B.     Hence  M  -^  A  =  R  -^  B,  which  is  impca; 

sible  by  the  proposition.  I  am,  yours,  &c.  '  ~ 

fbvl-Ay,  ibndol,  Oct.  9,  1915.  Joil»   GoUl 
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Artici-e  v. 

Queries  respecting  llie  Venlilaiion  of  Coat-Mints. 
(To  Dr.  Thomson.) 


SIR, 


1 


Tbb  various  accidents  that  have  recently  happened  to  miners  en 
calculated  tbrcibly  to  excite  the  atteuii(M>  of  every  friend  to  basis- 
©iiy;  aod  the  interest  which  lliese  events  have  awakened,  will,  J 
have  no  doubt,  induce  many  persons  to  exercise  their  minds  upoo 
tlie  means  of  averting  such  fatal  mischiefs  from  ao  useful  a  ixution  a£ 
Ihc  QPWBUIlitf . 


mi:}  Oh  thk  r&aimioh  f  Coal^Mines.  'i\7 

The  most  valuable  discoveries  are  frequently  of  the  greatest  sim- 
plicity, and  have  occasion^Hy  been  elicited  by  persons  whose  habits 
were  very  remote  from  fhe  scene  of  tKeir  application.  Will  you 
permit  one,  who  is  desirous  of  obtaining  as  much  information  as 
possible  upon  the  methods  at  present  adopted  to  ventilate  coal- 
inines>  to  request  that  some  of  your  correspondents  who  are  con- 
versant with  the  subject  would  state  in  your  Journal,  or  refer  to  any 
other  publication,  in  which  a  minute  detail  may  be  found  of  the 
whole  of  the  contrivances  employed  to  expel,  exhaust,  or  counteract, 
the  injurioufl  effects  of  the  carbureted  hydrogen  gas,  which  has  im 
80  many  instances  rendered  the  extremities  of  mines  inaccessible  tp 
the  workmen. .  I  am  not  unacquainted  with  the  usual  method  or 
ventilation  by  the  atmospheric  current ;  but  should,  ueverthelesi^ 
wish  to  see  a  circumstantial  account  of  the  different  processes^ 
common  or  rare,  by  which  it  is  effected,  and  where  and  in  what 
respects  they  are  found  to  fail,  together  with  whatever  expedients 
may  have  been  resorted  to  as  remedies  for  such  defects  ;  and  where 
these  also  have  been  unattended  with  success,  to  what  cause  such 
fiedlures  may  be  attributed.  It  would  likewise  be  desirable  to  know 
bow  far  any  of  the  ingenious  persons  interested  and  concerned  ia 
mines  have  proceeded  in  their  endeavours  to  devise  a  security  for 
miners  against  the  effects  of  the  eruption  of  gas  while  they  are  at 
work.  i 

A  statement  of  the  whole  of  these  particulars,  and  of  any  others 
that  bear  upon  the  points  in  question,  might  prove  of  service  to  the 
cause,  in  calling  forth  the  efforts  of  some,  who,  wishing  to  empl<q^ 
their  thoughts  upon  them,  are,  for  want  previously  of  precise  iat 
formation  upon  these  matters,  at  a  loss  how  to  direct  their  attentioa 
t6  ^vantage.  I  need  scarcely  suggest  that,  in  taking  any  subject 
of  art  into  consideration,  it  is  highly  expedient  to  be  intbrmed  of 
the  advancement  which  others  have  already  made  in  it,  and  the 
manner  in  which  even  their  unsuccessful  attempts  have  beea 
directed.  Where  this  cannot  be  obtained,  invention  will  not  have 
iair  play,  and  the  most  sedulous  endeavours  may  be  lavished  upon 
what  has  long  been  known.  After  a  series  of  efforts,  it  has  often 
appeared  that  only  a  small  portion  has  been  gained  of  the  same 
ground,  over  which  others  had  unprofitably  passed  before,  and  hours 
•f  application  may  thus  be  utterly  lost. 

I  am.  Sir,  yours  respectfully. 
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Article.  VI.  v 

I  *  ■"-•-■ 

Description  of  an  Instrument  for  ensuring  the  Attention  of  Wai^ 

men.    By  Henry  JBeau&y,  Esq,  .  ^  § 


T'L 


(To  Dr.  Thomson.) 

DEAR  SIR,  London^  Oct.  22^  1105.  >'^ 

The  losses  and  inconvenience  to  which  the  connmunity  bI^  e^~' 
posed  through  the  inattention  of  watchmen  to  their  nightly  diAite 
•are  a  theme  of  general  complaint.  The  depredations  comntittedi 
not  unfrequently  within  a  few  yards  of  the  watchman's  station,  are 
a  practical  proof  of  the  very  insufficient  manner  in  which  the 
rounds  are  performed.  The  cause  of  the  evil  is  evidently  to  be 
traced  to  the  inability  of  the  employers  to  compel  vigilance  by  the 
certainty  of  detection. 

Having  occasion  myself  some  time  ago  to  conduct  a  process  in 
which  success  depended  on  an  undeviating  hourly  attendance 
throughout  the  day  and  night,  it  became  necessary  to  devise  some 
means  by  which  the  presence  of  those  appointed  to  manage  the 
operation  might  be  insured. 

7'he  watch  clock,  of  which  I  have  the  honour  to  enclose  you  a 
^  drawing,  completely  answered  the  purpose.  It  is  equally  adajyted 
to  civil  and  military  as  to  manufacturing  purposes.  By  placing  the 
clock  in  any  building  at  the  further  extremity  of  the  round,  it  not 
only  points  out  occasional  dereliction  from  regularity^  but  registers 
the  precise  hour  in  which  the  neglect  took  place. 

In  the  first  wheel  or  register  1  had  made,  the  inner  or  hour  circle 
was  omitted  for  the  sake  of  getting  rid  of  extraneous  weight;  but 
in  the  second  it  was  introduced  as  combining  the  double  purfioses  of 
the  common  house,  as  well  as  of  the  register,  clock. 

I  am  conscious  that  this  communication  is  too  insignificant  to  be 
worthy  of  a  place  in  your  Journal;  but  having  derived  advantage 
from  the  use  of  the  register  mysell^  I  tfiink.it  possible  that  some  of 
your  readers  interested  in  manufocturing  establishnients  may  feel 
no  disinclination  to  adopt  a  safe  check  on  the  tonfidential,  and  an 
unerring  detector  of  the  careless,  in  their  employ. 

I  remain,  dear  Sir, 

Your  most  obedieait  and  obliged  servant, 

Hbnrt  BjKAUFor. 

The  machine  consists  of  a  common  eight  day  striking  clock,  the 
^lass  front  of  which  is  reduced  to  the  diameter  of  the  hour  circle, 
as  shown  in  fig.  1,  t^late  XLI.  The  hour  and  minute  hand^ 
arc  removed,  mid  the  register  substituted  in  their  room.  The 
register,  being  required  to  make  but  one  revolution  in  12  hours,  is 
fixed  to  the  hour  arbor  x)f  the  clock-work.    The  figures  <m  the  hour 
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circle  are  reversed  in  the  order  in  which  they  stand  on  the  common 
clock  faceSy  because  the  motipn  of  the  hours  becomes  reversed  by 
making  the  dial  revolve  instead  of  the  hands.  The  register  is 
composed  of  three  distinct  parts :  a  light  brass  circular  magazine, 
half  an  inch  wide,  and  of  the  same  depths  divided  into  12  com- 
partments; a  lid  or  cover  with  the  same  number  of  elliptical  perfora- 
tions; and  an  hour  circle.  Fig.  4  shows  the  hour  circle,  to  the  outer 
rim  of  which  are  attached  three  crutches,  i,  Ij  i,  to  receive  and 
support  the  magazine,  which  is  guided  into  its  place,  and  kept 
steady  there,  by  six  small  shoulders  or  projections,  c,  c,  c,  on  its 
inner  edge,  which  embrace  the  sides  of  the  crutches.  Fig.  3  rer 
presents  the  magazine  or  outer  circle,  with  its  front  plate  removed^ 
exhibiting  the  division  into  compartments*  The  partitions  are  made 
by  two  or  three  wires  rivetted  or  screwed  into  the  two  sides  of  the 
circle.  Fig.  2  is  a  front  view  of  the  register  with  all  its  parts  con- 
nected :  c,  c,  c,  are  three  studs  or  buttons  which  keep  the  lid 
affixed  to  the  magazine.  In  this  view  are  shown  the  elliptical 
openings  into  the  magazine.  These  openings  are  10  minutes  ia 
their  shortest,  and  20  in  their  longest,  diameter.  The  rim  moves* 
so  easily  in  and  out  of  the  crutches,  as  to  admit  of  its  being  de-  • 
tached,  or  put  on,  without  affecting  the  going  of  the  clock.  Imr 
mediately  above  the  meridian  of  the  clock,  fig.  1,  a  hole,  o,  is 
bored  through  the  wooden  door,  of  a  diameter  equal  to  10  minutes 
measured  on  the  register  circle.  The  centre  of  this  hole  must 
^exactly  coincide  with  the  centre  of  the  openings  in  the  rim  of  the 
register^  It  only  remains  to  furnish  the  watchman  with  a  sufficient 
number  of  light  spherical  wooden  balls  of  a  diameter  equal  to  the ' 
lk>les  in  the  clock  front,  and  to  instruct  him  to  drop  one  into  the  ' 
hde,  a,  at  each  hourly  visit.  The  elliptical  shape  of  the  holes  in 
the  fece  of  the  rim  will  allow  the  ball  to  pass  into  the  register  either 
five  minutes  before  or  five  minutes  after  the  exact  hour  stroke.  At 
the  expiration  of  the  watch,  the  door  is  unlocked,  the  rim  removed 
from  the  crutches,  and  the  face  or  lid  slipped  from  the  studs.  The 
absence  or  presence  of  a  ball  in  each  compartment  indicates  the 
regularity  or  the  peglect  with  which  the  duty  has  been  performed. 

Reference  to  the  Plate* 

Fig.  1,  the  head  of  the  clock  with  the  register  adapted  ready  for 
use. 

Fig.  2,  the  hour  and  register  circles  in  working  order. 

Fig.  3,  the  register  without  its  plate  or  cover. 

Fig.  4,  the  hour  circle  with  the  crutches  ready  to  receive  the 
register,  fig.  3. 

Fig.  5,  a  section  in  perspective  of  fig.  2,  fixed  to  the  hour  arbor, 
df  of  the  clock,  as  in  fig.l. 

Fig.  6,  one  ef  the  crutches  attached  to  this  hgur  circle,  fig.  4y 
and  which  carry  the  register,  fig.  3. 
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Article   VII. 

Further  Observations  on  Fluxions.    By  Alex.  OuriftisoDj  Esq. ' 

Professor  of  Humaoity^  Edinburgh. 

(To  Dr.  Thomson.) 

MY  DEAR  SIR,  Edinburgh,  Oct.  l^,  l$\B. 

To  some  remarks  on  Euclid's  definition  of  pr^rtion^  in  his 
fifth  book,  to  be  inserted,  if  you  choose,  in  your  Annals  of  PMbh 
sopkffy  I  subjoin  the  deduction  of  fluxions  from  the  definition  wMch 
you  published  in  May. 

If  the  equality  of  the  products  of  the  means  and  of  the  extreme^ 
be  assumed  as  the  criterion  of  proportionality,  it  is  evident  that  th6 

formula  ^  ^  ^  =5  45-7^  <iemonstrate8  Euclid^s  property,  ia  bis 

fifth  definition,  book  fifth,  with  regard  both  to  commensurables  And 
to  incommensurables ;  and  that  the  ftnrmula  is  applicable  ei^n  t6 
ahstraet  numerical  and  algebraical  quantities :  but  it  will  be  fcrand 
that  the  criterion  aborc-mentioned  is  not  so  convenient  as  Euclid's 
for  demonstration.  We  cannot,  however,  apply  Euclid's  criterion 
or  property  so  universally  as  the  other ;  for  we  cannot,  in  demon^ 
stration,  apply  it  to  abstract  numerical  and  algebraical  quantitieir  i 
we  can  apply  it  to  those  quantities  only  in  which,  as  in  geometricat 
magnitudes,  the  slowest  learner  sees  that  the  first  and  the  tUrd 
have  a  necessary  dependance  on  each  other,  as  also  the  second  and 
the  fourth.  A  learner  understands  immediately  Euclid's  definition 
if  he  be  directed  to  prop.  33,  book  6  ;  for  supposing  the  angle  at 
the  centre,  the  first  term  is  an  arch  of  the  one  circle,  and  the  third 
term  is  the  corresjponding  angle  of  that  arch.  Now  it  is^  impossible 
fqr  the  slowest  learner  to  conceive  that  he  can  double,  &c;  the  arch 
or  first  term  without  doublings,  &c.  the  conesponding  angle  or  third 
term.  The  saase  may  be  said  with  r^ard  to  tlie  second  and  the 
fourth  terms,  which  belong  to  the  other  circle.  If  the  one  circle 
be  laid  on  the  other,  and  if  the  multiple  of  the  one  arch  be  equal . 
to  the  multiple  of  the  other,  the  multiple  of  the  one  angle  must 
also  be  evidently  equal  to  the  multiple  of  the  other ;  and  if  greater,^ 
greater ;  and  if  less,  less :  consequently  the  quantities  are,  by  the* 
definition,  proportional.  The  equimultiples  of  the  first  and  third, ' 
and  of  the  second  and  fourth,  can  be  exhibited  to  the  learner  with- 
out taking  any  particular  numbers  as  multipliers :  but  it  is  impos- 
2:ii>le,  I  think,  to  do  so  with  regard  to  any  abstract  numerical  and 
algebraical  quantities  which  are  to  be  proved  proportional ;  and  ^.if 
we  take  parts^  we  abandon  Euclid's  dennition.  Euclid's  definition, 
then,  is  not  applicable  to  all  proportional  quantities  ;  but  .it  is  per- 
fect if  it  be  limited  by  its  proper  range :  it  admits,  but  it  does  not 
jieed^  demonstration^  it  mcludes  incommensurable? j  and  it  de- 
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monstrates  simply  and  rapidly  where  some  eminent  mathematicians 
demonstrate  complexly  and  tediously. 

As  fluxions  are  a  part  of  the  theory  of  rates,  I  subjoin  an  alge- 
braical ipyestigalion  and  demonstration  of  the  fluKional  problem. 

Definition. 

Fluxions  if  a  method  for  finding  the  rate  of  change  in  a  quantity 
and  its  function. 

Problem. 

To  find  the  fluxion  of  j?';  7}  being  any  positive,  integral^  number; 
and  i  or  1  being  assumed,  as  it  may  be,  for  the  fluxion  of  x,  while 
X  varies  uniformly. 

X*  may  be  represented  thus,  x  x  x  x  x  x  x. , .  .with  x  as  often 
employed  as  there  are  units  in  n ;  and  if  it  is  only  the  first  x  that 
varies,  the  fluxion  must  be  1  af'^x;  but  if  every  x  varies  in  suc- 
cession, the  fluxion  must  hen  af^^x,    Q. E.  I.  and  D. 

Ifi'sliTsl  X  Ibe  represented  by  a  square  whose  side  is  == , 
1,  naf'^x  may  be  represented  by  an  oblong  with  1  for  one  of  its 
•ides,  and  nx^"^  for  the  other ;  consequently. 

As  the  square  :  the  oblong  ii  \  x  m  af'^x. 

If  a  learner  find  any  difficulty  in  conceiving  that  if  x  vary  uni- 
formlyj  i  or  1  is  the  fluxion  of  x^  he  will  easily  learn  that,  in 
comparing  the  rate  of  variation  or  change,  in  an  uniform  motion 
of  16-1^  feet  in  a  second,  with  the  law  of  descent  of  heavy  bodies, 
the  rates  at  the  end  of  each  successive  second  are,  as  1  :  2,  as  1  :  4j 
as  1  ;  6,  .&c.,  the  spacie  gone  over  by  the  uniform  motion  being 
represented  by  x. 

If  those  ancientsi  such  as  Archimedes,  who  understood  varying 
quantities,,  had  subjoined  the  rate  of  variation,  they  would  have 
taught  us  iBuxions  ;  but  perhaps  they  had  not  a  proper  notation. 

In  your  33d  number  the  reader  may  insert  6Sc.  after  great^ 
p.  17?>  !•  2 1  reduced  for  referred^  p.  179,  1.  33 ;  x  being  =  I, 
p.  180,  L  30,  after  coefficients;  rigour  for  vigouTf  p.  181,  L4; 
letter  for  laiterf  p.  182, 1.  7  ;  and  he  may  effiice  the  words  betweeo 
the  first  rqte  and  of^  p.  182,  1.  41. 

1  am,  my  dear  Sir,  yours  faithfully 

Albx.  Cbristjson. 


Article  VIII. 

JLetterfrom  IVm*  Henry y  M.  D.  F.R.S.  correcting  some  defective 
Statements  in  different  Histories  of  tlie  Introduction  of  Bleaching 
by  Oxymwriatic  Acid. 

(To  Dr.  Thomson.)  ,  ^^/' 

DEAR  SIR,  Mancktitiir^  ck 

The  fourth  volume  of  Mr.  ParkesV  ^^--^^^A.  viwV^  Vto 
Ushed,  contains  an  account  of  the  ioj  B^  9^^  ^^^^  - 


I 
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Oti  Bleachwg  hy  Oxynmnatic  Acid, 
bleaching  by  osyoiuriatic  acid  into  this  couniry,  which,  though 
correct  in  the  main,  is  not  altogtther  so.  It  resembles,  indeed,  so 
Clpsely,  in  several  respects,  a  statement  published  eotne  years  sgo 
.in  Dr.  Kees's  Cyclopfedia,  tliat  it  is  probable  the  historical  informa- 
■jtion  of  both  was  derived  from  the  same  source.  Yoo  will,  there- 
.■fore,  oblige  me,  if  you  consider  the  subject  of  sufficient  importance, 
by  admitting;  into  your  Journal  the  substance  of  a  representation, 
which  1  addressed  several  years  ago,  to  the  Uev.  Dr.  Rees,  in 
behalf  of  the  claims  of  a  person  in  whose  reputation  1  may  natu- 
nliy  be  supposed  to  feel  some  interest,*  But,  independently  of 
this  interest,  it  does  appear  to  me,  tliat  the  public  ouglit  to  be  set 
light  respecting  the  real  history  of  this  invention.  The  credit 
'which  a  man  of  science  derives  from  contributing  to  the  improve- 
jnent  of  the  useful  arts,  is  often  (ns  in  this  case]  tlieonly  reu'ard  he 
receives}  and  it  is  the  duty  of  the  historian  of  those  arts,  first  lo 
mnlce  liimself  thoroughly  ma'ster  of  the  ftcis,  and  then  to  detail 
them  with  fairness  and  impartialily. 

I  have  chosen  this  time  for  bringing  the  matter  before  the  public, 
because  all  the  parties  concerned  are  still  living,  some  of  them  at 
a  very  advanced  age,  and  may  readily  be  called  upon  for  farther 
evidence^  if  itsliould  he  thought  necessary. 

I  am,  dear  Sir,  yours  very  truly,  "_ 

Wm.  Hbney. 

(To  the  Rev.  A.  Rees,  D.D.  F.R.S.  &c.) 
REV.  SIR,  Dk.  1809. 

Observing  that  the  early  volumes  of  your  Cyc]op£edia  are  about 
to  be  reprinted,  I  am  induced  to  fulfil  an  intention,  which  1  have 
long  entertained,  of  addressing  a  few  lines  to  you  respecting  the 
article  Bleaching,  published  in  vol.  iv,  part  2,  1st  edition.  The 
writer  of  that  article,  in  assigning  to  different  persons  their  shares 
of  merit,  in  the  introduction  of  the  mode  of  bleaching  by  oxy- 
muriatic  acid  and  its  compounds,  has  made  a  distribution,  which 
is  very  fer  from  being  an  equitable  one. 

Of  the  part  which  was  taken  by  Mr.  Walt  of  Birmingham,  in 
the  application  of  Berthollet's  im|)ortant  discovery,  far  too  little  is 
said  ;  and  of  Mr,  Henry's  share  in  the  improvement  not  the  small- 
est notice  is  taken,  though  it  could  not  fail  tp  be  known  to  the 
writer  of  the  article,  who,  at  thut  period,  was  himself  engaged  in 
this  town  in  pursuit  of  the  same  object,  and  was  in  habits  of  occa- 
sionally communicating  with  Mr.  Henry  on  the  subject.  The 
truth  is,  that  next  to  Mr.  Wait,  Mr.  Heniy  was  at  least  equally 
early  with  any  other  person  in  applying  the  discovery  to  praclicA, 
-Jo  proof  of  this  I  might  appeal  to  the  general  notoriety  of  the  fact 
in  this  town  and  neighbourhood  :  hut  I  depend  chiefly  for  its  eMQ- 
blishment,  on  a  number  of  letters  from  Mr.  Watt  to  Mr.  Henry, 
written  in  the  year  i7S8,  which  are  now  before  pie.    They  forijj 

L'-^  "■  the  person  atiudpd  to   Is  Mr.  ttidmas  ■Hsm5,'?.U..'%.^  ?\ci\*i'eW.   a^  ftut 
Idferarj'and  P/tilojopti'tcal  Society  o(  ManohwW. 


1815;]  On  Bleaching  by  OxymvricUicAtSd.  '4^3 

part  of  a  series,  in  which  each  of  those  gentlemen^  disclMed;  otf^ 
reservedly  to  the  other,  the  progress  of  his  experiments  iif  this  ne^ 
art.  In  a  letter  dated  Feb.  23,  1788,  Mr.  Watt  states,  that  4ft 
that  very  time,  1600  yards  of  linen  were  bleaching  by  the  new*  prtjt- 
cess  under  his  directions ;  and  he  desires  that  the  circumstance  may 
be  stated  to  a  meeting  of  the  manufacturers  and  mercfaiints  iff 
Manchester,  then  called  by  public  advertisement,  *  to  consider  of  la 
petition  presented  to  Parliament  by  M.  M.  Bourbollon  de  Bonnuetl 
and  Co.,  concerning  a  liquid  which  whitens  linen  and  cotton  in  a 
shorter  time  than  the  old  method,  and  without  tlie  inconvenience 
and  losses  to  which  that  method  is  liable.*  * 

At  this  meeting  half  a  piece  of  calico  was  produced,  which  had 
been  bleached  immediately  before  by  Messrs.  Cooper,  Baker,  and 
Charles  Taylor,  by  the  new  method ;  and  at  the  same  meeting, 
Mr.  Henry  produced,  not  indeed  half  a  piece,  but  half  a  yard  6f 
calico,  which  he  had  just  bleached  by  the  oxymuriatic  acrd.  What 
was  wanting,  however,  in  quantity,  was  made  up  by  the  quality  df 
the  work ;  and  the  smaller  specimen  was  declared  to  be  superior  in 
whiteness  to  the  larger  one.  It  was  this  superiority  that  gave  occa- 
sion to  an  application  from  one  of  the  bleachers  present  (M.  Ridg*- 
way  of  Harwich)  to  Mr.  Henry,  to  be  instructed  in  the  new  pro- 
cess. And  the  instructions  which  he  accordingly  received^  were 
the  first  step  of  a  series  of  improvements  carried  on  by  Mr.  11.  and 
his  son,  with  an  ability  ^nd  spirit  of  enterprise,  which  have  raised 
their  establishment  to  its  present  great  extent  and  importance, 
Mr.  Henry,  also,  besides  instructing  othei;  persons,  himself  esta- 
blished a  bleaching  concern,  which  was  afterwards  abandoned, 
from  no  defect,  however,  of  the  processes  carried  on,  but  in'con;- 
sequetsce  of  the  dishonourable  conduct  of  a  partner,  and  of  the 
occupation  of  his  own  time  in  the  practice  of  medicine. 

'  The  event  of  the  public  meeting  was,  that  in  consequence  of  thje 
facts  stated  in  Mr.  Watt's  letter,  and  of  the  testimony  of  Mf. 
Cooper  (now  of  Carlisle  College,  America)  and  Mr,  Henry,  who 
were  present,  the  members  for  the  county  were  instructed  to  oppose 
the  petition  when  presented  to  Parliament;  and  its  prayer  was  ac- 
cordingly refused,  t    Having  failed  in  this  object,  the  next  attempt 

*  In  thb  letter,  Mr.  Watt  says  **  I  have,  for  more  than  a  iwelvemonih,  beei  in 
possession  and  practice  of  a  method  of  preparing  a  !iquor  from  common  salt,  . 
which  possesses  bleachinj^  quaUties  in  an  eminent  decree  \  but,  not  being  the 
inventor,  1  have  not  attempted  to  get  a  patent  or  exclusive  privilege  for  it.  A'ad 
I  have  great  reason  to  believe  that  the  process  of  these  gentkmt>n  (BoitrboUon 
and  Co.)  is  the  very  same  that  I  practise,  and  that  they  have  ^earnt  it  from  the 
same  .source,  the  inventor  being  an  eminent  chemist  and  philosopher  at  Pairis.*' 
It' is  evident^  therefore,  that  all  claims  fer  priority,  that  have  been  hitherto  a4* 
vanced  in  this  cqoatry,  muit  yield  to  that  of  Mr.  Watt,  whose  actual  employ- 
ment of  the  oxymuriatic  acid  in  bleaching  dates  from  the  keginniuM  of  the  yeftr 
1787. 

f  This  was  the  trae  reason  of  the  rejection  of  the  petition,  and  nc^,  as  Mr. 
Parkes  vtates,  (Essays,  iv.  62),  the  oppositioD  of  a  gentleman,:  who  happened  lo 
be^  in  the  gallery  of  the  House  of  Commons  when  the  \ietvl\Qti -w^  \vx^^<i^  Vss!^-' 
ward.    Mr.  Watt,  also,  (who  in  makiagttoe  tVoiUW^^iWk  -hVc^  ^\k^v«^«iV^\&^ 

•  1      ^   * 
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of  De  Bppnueil  and  Co.  was  to  obtaiD  a  patent.  JBfut  here  again 
tfiey  met  with  effectual  opposition,  no  unavailing  part  of  which 
consisted  in  an  instrument,  presented  in  due  legal  forip  by  Mr. 
tienry  individually,  against  the  claim  of  the  petitioner^..  Tbu 
document,  dated  July  2,  1788,  is  now  before  me.  It  cpntainv  an 
account  of  the  processes  then  actually  practised  by  Mr.  Hefiry,  and 
comprehends  every  thin^  at  this  day  known  respecting  the  uae  of 
^be  oxymuriatic  acid  in  bleaching,  with  the  exception  of  the  applir 
cation  of  lime  to  the  condensation  of  the  gas.  Thjs  appIicatioQ  of 
lime  was  afterwards  made  by  Mr.  Henr}',  in  2^  way  ^hicb  adapted 
it  only  to  white  goods.  But,  in  consequence  of.  a  happy  invention 
Qf  Mr.  Tennant  of  Glasgow,  which  may  be  cpnsid^r^  n^  the  last 
step  in  the  improvement  of  the  art,  the  use  of  oxymuriate  of  lime 
was  extended,  in  the  year  17^8,  to  fabrics  of  the  most  delicate 
colours,  and  rendered  moret  practicable  and  advantageous  in  the 
'bleagbing  of  white  goods. 

After  this  statement,  I  appeal  to.  you,  Sir,  whether  the  histoqr 
of.  the  aft  of  bleaching,  contained  in  your  Cyclopaedia,  Mnritten  by 
one  who  was  perfectly  well  acquainted  with  the  facts  which  t  have 
alleged,  can  be  considered  as  any  thing  but  exceedingly  un&ir  ami 
partial.  And  1  claim  from  your  known  candour  and  love  of  justice^ 
that  the  person  in  whose  behalf  I  stand  forward,  shall  receive  in 
the  subsequent  editions  of  your  work,  a  fair  shajr^  of  credit  for  his. 
prompt  and  active  zeal  in  furthering  a  most  important  inventiony 
and  in  defeating  the  purposes  of  those  who  aimed  at  rendering  it  an 
injurious  monopoly. 

I  am,  Rev.  Sir,  with  great  respect  and  regard. 

Your  obedient  Servant, 

William  Hun  ay. 


Article   IX. 

On  the   Conversion  of  Starch  into  Sugar. 
By  M^  Theodore  de  Saussure.* 

Tub  process,  which  Mr.  Kirchof  (Adjunct  of  the  Academy  of 
Sciences  in  Petersbugb)  has  discovered,  of  convening  starch  into 
sugar  by  long  boiling  in  very  diluted  sulphuric  acid,  has  been  fre- 
quently repeated  by  chemists,  and  has  been  enriched  by  several 

own  private  ad  vantage  ,>  was  in  other  respects  a  powerful  auxiliary  in  prevent- 
ing the  monopoly,  of  the  foreigners.  In  another  letter  to  Mr.  Henrv,  dated 
June  84  1788,  he  says,  "Through  the  help  of  my  friends,  such,  paiti^nientary 
interest  was  made,  as  inu»t  in  some  degree  have  contributed  to  defeat  the  plagiary 
BourbolloQ,  whose  sole  pretensions  are  founded  on  his  impregnating  caustic 
alkalies  with  the  gas,  a  procefes  previously  discovered  and  publicly  mentioaed  by 
BtTtholiet,  bpt  laid  a^ide,  as  it  destroys  half  the  efficacy  of  the  acid. 

«  Traikslated  from  GilbertN  Annalen,  toU&lix.  p.  12^.  Feb.  1816.    Thepyptr 
apjgeu^ed  orig\fia^l^  inlhe.B'vbUot^^V'VQ  i^u\aXktAc^^  Cor  1814,, 
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impcNlant  remarks.  But  hitherto  nobody  has  esplaioed  what  alte^ 
cations  in  its  cpniposition  the  starch  undergoes  in  this  process^ 
though  this  would  throw  considerable  light  upon  vegetation,  and 
ivDitld  elucidate  the  change  of  starch  into  sugar  in  the  bnds  of 
plants.  Professor  de  la  Rive  of  Geneva,  in  a  paper  published  in 
the  49th  volume  of  the  Bibliotheque  Britaonique,  has  shown  that  * 
in  Kirchofi*s  process  no  gas  is  evolved,  that  the  alteration  Cff  ^ 
the  starch  goes  on  in  close  vessels  without  the  access  of  air, 
and  that  the  sulphuric  acid  is  neither  decomposed  nor  onited 
to  the  starch  as  a  constituent.  M.  Vogel  in  Paris  has  made 
the  same  observations,  and  has  likewise  found  that  long  boil- 
ing in  pMre  wnter  does  not  convert  the  starch  into  sugar.  Hence 
he  conclMdes,  conformably- to  the  well  known  action  of  sulphuric 
acid,  that  even  in  this  case  it  acts  by  uniting  together  a  portion  of  the 
oxygen  and  hydrogen  of  the  starch  and  converting  them  into  water. 

In  order  to  elucidate  these  points,  I  have  endeavoured  to  deter- 
mine whether  the  sugar  formed  from  starch  by  thb  action  of  sul- 
phuric acid  has  a  smaller  weight  than  the  starch  from  which  it  was 
formed.  For  this  purpose  I  put  into  a  silver  vessel  400  grammes  of 
distilled  water.  I  then  mii^d  it  with  2*4  grammes  of  sulphuric 
acid,  m2\de  it  boil  moderately  on  a  charcoal  fire,  and  put  into  it  in 
difierent  portions  100  grammes  of  starch,  previously  mixed  with 
200  grammes  of  water.  During  this  addition  the  liouid  was  con- 
stantly stirred  with  a  spatula,  to  prevent  the  starcn  from  beings 
burnt  or  becoming  brown,  which  would  have  diminished  its  weight 
and  rendered  the  results  doubtful.  In  half  an  hour  the  mixture 
was  brought  from  the  state  of  dough  to  a  complete  solution.*  I 
now  put  it  into  a  capsule  with  a  long  neck,  washed  with  200 
grammes  of  water,  the  clammy  matter  left  by  the  starch  on  the 
silver  vessel,  dissolved  it,  put  the  whole  into  the  capsule,  and  kept 
it  for  42  hours  over  an  Argand's  lamp  in  a  heat  never  exceeding 
199^.  I  now  weighed  the  solution,  filtered  it,  and  weighed  like>- 
wise  the  white  dough  which  remained  behind  upon  the  filter,  and 
which  may  be  considered  as  a  portion  of  starch,  which  from  the 
adhesion  of  its  parts  escaped  the  action  of  the  sulphuric  acid. 
This  dough  being  repeatedly  washed  and  dried  in.  the  'open  air, 
weighed  4  grammes,  and  when  examined  by  means  of  water,  acids, 
and  alkalies,  exhibited  all  the  properties  of  starch.  We  must 
therefore  subtract  these  4  from  the  100  grammes  of  starch  em- 
ployed in  the  experiment.    Upon  the  filter,  and  in  this  starch- 

*  If  it  be  allowed  to  cool  at  this  time  it  becomes  again  partly  thick,  and  when 
filtered  leaves  upon  the  filter  a  considerable  qaaotity  of  starch,  still  vnaltered, 
while  the  solution  pi^sses  readily  and  quite  cle^r,  through  the  paper.    When  this ' 
solution  is  concentrated  and  mixed  with  alcohol,  there  foils  down  a  transpare;nt 
dry  colourless  matter,  not  altered  by  exposure  to  the  airi  which,  from  its  aolu*' 
bUity  in  water,  insolubility  in  alcohol,  aoll  i*-- •^■nainess  when  dissolved  in  a^ 
little  water,  is  similar  to  gum.     Barytcfrfm*  umired  into  the  sulutlon, 

occasions  no  precipitate,  as  barytet  and  m1|  ^«"««i  a  triple  compound 

with  gummy  bodies,  which  is  usuallf  Mlajri«|  «imy  body  simi- 

lar in  all  its  propertiei  or  oot,  to  tlM  bmf^  ^inlii^sva^OiA 
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■  Comiersian  of'  Starch  into  Sugar 
dough  before  it  was  wasilied,  there  remained  |th  of  the  filtered 
]I(]uid.  Therefore  when  1  give  the  result  here  i  increase  the  last 
by  one  ninth. 

I  poured  barytes  nater  into  ihe  filtered  liquid  as  long  as  any  pre- 
{»pitHte  fell.  This  precipitate,  after  being  healed  to  redness, 
weighed  G'7  grammes,  and  was  sulphate  of  barytes.  A  small 
.<)uaiitity  of  it  passed  through  the  filler,  and  was  afterwards  found 
ia  the  ashes  of  the  starch  sugar.  Now  this  sulphate  of  barytes 
contains  all  the  sulphuric  acid  which  was  employed  in  experiment. 
-  The  solution  thus  freed  from  sulphuric  acid  was  reduced  to  the 
consistency  of  a  thick  syrup,  and  then  left  in  a  state  of  repose.  It 
iiirnishcd  a  yellowish  sugar,  which,  after  long  exposure  to  the  open 
»ir  in  a  temperature  of  52°,  and  while  the  hair  hygrometer  stood  at 
Sb°,  weighed  96*89  grammes.  Such  was  the  quantity  of  sugar 
obtained  from  9G  grammes  of  starch.  So  that  100  grammes  starch 
will  yield  100':)3  grammes  of  sugai',  supposing  both  dried  at  the 
temperature  of  the  atmosphere;  but  this  result  must  be  brought  to 
the  temperature  of  boiling  water  before  we  can  put  much  confi- 
dence in  it. 

100  grammes  of  the  starch  with  which  these  experiments  were 
made,  being  e.sposed  for  six  hours  to  a  heat  of  212°,  lost  13-4 
grammes  of  water  ;  and  when  burnt  left  0'16  of  ashes. 

On  the  other  hand  100  grammes  of  solid  starch  sugar  treated  in 
the  same  way,  lost  i'HA  of  water,  and  left  0/^^  of  ashes,  most  of 
vhich  tvas  sulphate  of  barytes  that  had  passed  through  the  filter. 

If  according  to  these  results  we  reduce  the  starch  and  its  sugar  to 
a  boiling  heat,  and  subtract  from  tbem  the  ashes,  we  find  that  100 
parts  of  starch  will  form  1 10-14  parts  of  sKgar. 
■  This  sugar,  when  dissolved  in  half  its  weight  of  water,  formed  a 
syrup,  which  might  be  mixed  with  alcohol  of  36^  of  Baume's  areo- 
ineter  in  any  proportion,  without  the  precipitation  of  any  gum. 
Hence  gum  does  not  constitute  a  portion  of  starch  sugar,  as  some 
have  believed,  except  when  the  process  has  not  been  continued 
long  enongh,  or  when  the  starch  itself  has  been  scorched,  in 
which  case  the  starch  sugar  will  be  lighter  than  the  starch  from 
which  it  was  obtained. 

As  starch  boiled  in  water  with  sulphuric  acid,  and  thereby 
changed  into  sugar,  increases  in  weight  iviihout  uniting  with  any 
sulphuric  acid  or  gas,  or  without  forming  any  gas,  we  are  under  the 
necessity  of  ascribing  the  change  solely  to  the  tixaiion  of  water. 
Hence  we  must  conclude,  that  starch  sugar  is  nothing  else  than  a 
cOBibination  of  starch  with  water  in  a  solid  state. 

The  sulphuric  acid  and  other  acids  appear  to  act  no  other  part 
^  the  process,  than  to  promote  the  fluidity  of  the  aqueous  solu- 
tion  of  the  starch,  and  thereby  facilitate   its   combination   wiUl, 


\^  ^ _ ...^ 

^M.  water.*  J^J 

W  ' -Tbe BltempU  oF  Klc^haf  and  otliers,  to  convert  flnnr  or  pi>ta!Det.  dilHJ^^^H 
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This  explanation  of  the  change  of  starch  into^  sugar ^U  be  fally 
confirmed  by  my 

.  Analysis  of  Starch  and  Starch  Sugar.  ... 

I  burnt  57  milligrammes  of  istarch^  which  had  'been  dried  in  the 
mean  temperature  of  the  atmosphere^  in  oxygen  gas.  This  com^ 
bustion  consumed  40*31  cubic  centimetres  of  oxygen  gas,  and 
there  were  formed  4S*83  cubic  centimetres  of  carbonic  acid  gas 
and  0'13  cubic  centimetre  of  azotic  gas.* 

In  another  experiment,  48  milligrammes  of  starch  dried  in  the 
same  way  consumed  33*99  cubic  centimetres  of  oxygen  gas^  and 
produced  34*80  cubic  centimetres  of  carbonic  acid  ga^  and  0*16  of 
azotic  gas. 

If  we  take  the  mean  of  these  two  experiments,  wefitid  that  100 
parts  of  starch  dried  at  the  temperature  of  boiling  water^  and  ab- 
stracting the  ash  which  they  contain^  are  composed  as  fdlows : 

Carbon 45*39 'I 

Oxygen 48*31  I       CWater 50*48 

Hydrogen  . .  5*90  ?^^  ^Oxygen  in  excess  ....    3*^6 

Azote 0*40  J 

100*00 

On  the  other  hand,  53  milligrammes  of  starch  sugar  prepared  as 
above  described,  and  dried  at  the  temperature  of  52%  consumed 
when  burnt  34*59  cubic  centimetres  of  oxygen  gas,  and  there  were 
produced  36,07  cubic  centimetres  of  carbonic  acid  gas. 

In  a  second  experiment,  63  milligrammes  of  starch  sugar  con- 
sumed 37*755  cubic  centimetres  of  oxygen  gas,  and  produced 
39*584  cubic  centimetres  of  carbonic  acid  gas. 

The  mean  of  these  two  experiments  gives  the  compoution  qt 
starch  sugar,  abstracting  the  ash,  as  follows: 

^'^"^ SJ'Sl     /Water    ' 

Oxygen ....  65-S7  ^or  {  Oxveea  in  excess 
Hydrogen..    6'84j       C^ygen  »n  excess 


f  Water    ,.  58-44 

4*26 


•  .  •  • 
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'  When  we  compare  together  these  analyses  of  starch  and 
starch  sugar  with  each  other,  we  find  that  they  give  us  the  same 
result  as  the  synthetical  experiments,  namely,  that  the  M\y  difler* 
ence  between  the  sugar  and  the  starch,  is  that  the  former  contains 
a  greater  proportion  of  water  as  a  constituent  thbn  the  latter.  But 
in  the  quantity  of  this  water  the  two  methods  of  exp^imehtingf 
differ  from  each  other.  When  100  parts  of  starch,  dried  at  th» 
temperature  of  boiling  water,  were  changed  into  sugary  they  «pt^ 


X. 


*  The  azote  did  not  appear  as  a  gas,  but  as  a  conitit^  iKinate  of 

MiiBODia.    But  I  havehen;  itateil  iu  amomit,  ssppotUf  i| 

■I  <3 . 
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0mt>trsum  of  Starch  into  Sugar. 
peaied  to  bftve  Gambiaed  with  10  parts  of  water;  while  analysis 
gives  20  parts  more  waier  in  the  starcli  sugar  than  in  the  starch. 
It  is  obvious,  however,  that  the  proportion  of  water  obtained  by  the 
first  method  must  be  loo  small,  as  in  a  process  of  that  kind  it  is 
lery  difficult  to  avoid  all  loss,  besides  that  which  is  occasioned  by  a 
Comqiencement  of  roasting. 

Atialijsis  of  the  Sugar  of  Grapes. 

I  ohtained  the  sugar,  with  which  the  following  experiments 
i^ade,  from  Mr.  Pautex,  by  whose  laboui^  the  maoufacture' 
^ugar  of  grapes  has  been  greatly  injproveii, 
'  100  paris  of  sugar  of  grapes,  dried  at  the  temperature  of  SS'S", 
and  when  the  hygrometer  stood  at  'h",  when  exposed  to  tlie  heat 
(rf  boiling  water,  lost  3*14  parts  of  water ;  and  when  burnt  left  a 
residuum  weighing  OSIS  parts. 

0-55  centigrammes  of  the  same  sugar,  dried  at  53-5°,  when 
burnt,  consumed,  according  to  the  mean  of  two  experiments, 
S4'21  cubic  centimetres  of  oxygen  gas,  and  formed  3G*17  cubic 
centimetres  of  carbonic  acid  gas.  Hence  100  parts  of  sugar  of 
grapes,  dried  at  the  temperature  of  boiling  water,  are  composed 
as  follows  ;  "~ 

Carbon. . . . 
Oiygen . . . 
Hydrogen  . 


m 


,  .S671 


;67n 

.6-51  }o: 
0-73J 


fWater 

\Ojiygcn  in  excess 5'29 


100-00 


The  result  of  this  analysis  of  sugnr  of  grapes  does  not  di^r 
ftrther  from  that  of  starch  sugar,  than  is  usual  in  two  different  ex- 
periments upon  the  combustion  of  the  same  body.  These  two 
ibgars  likewise  approach  so  near  each  other  in  alt  their  other  pro- 
.^rties,  as  to  render  h  probable  that  they  constitute  only  one  species. 
They  both  melt  at  the  temperature  of  boiling  water ;  they  have 
both  the  same  sweet  and  fresh  taste ;  they  both  undergo  the  vinous 
ftrmentation  ;  they  both  crystallize  confusedly  in  spherical  crystals; 
they  are  both  equally  soluble  in  water  and  in  weak  alcohol ;  and  all 
tbe  differences  which  exist  between  liiem  are  analogous  to  those 
^ich  we  frcq^ucnily  lind  between  sugar  of  grapes  from  two  difTcr- 
ent  varieties  of  grapes. 

Sugar  from  the  cane  and  from  beet  differs  much  from  these  two, 
qnd  from  all  other  sugars,  by  containing  a  greater  proportion  of 
c^rhon.  According  to  the  analysis  of  Gay-Lussac  and  Thenard, 
too  parts  of  the  sugar  of  the  sugar-cane  contam  between  42  and 
^  parts  of  carbon,  and  tl)e  oxygen  and  hydrogen  are  so  graduated 
at  ^>  form  water  without  any  residue.  I  have  obtained  the  same 
result,  except  a  small  excess  of  oSygen  above  the  elementary 
■fater,  which  might  very  well  be  owing  to  an  error  in  my  e.\pc- 
rinient. 
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Method  of  conducting  my  EocperimM* 

In  the  preceding  analyses  I  made  use  of  tbe  following  tt!ki6tll6d| 
which  I  employ  in  the  analysis  of  gummy  and  woody  bodies  thi^ 
Contain  very  little  or  no  azotic  gas.  I  reduce  the  vegetable  body  to 
as  fine  a  powder  as  possible,  mix  it  with  50  times  its  weight  of 
silicious  sandj  and  put  it  into  a  glass  tube  bent  in  the  middle  at  a 
right  angle,  close  at  one  end,  and  furnished  at  the  other  with  an 
iron  stop  cock.  This  tube  is  about  a  metre  (39*37  inches)  in 
length,  and  its  width  is  such,  that  it  is  capable  of  containing  rather 
more  than  200  cubic  centimetres-  (12*2  cubic  inches)  of  gas.  t 
weigh  the  vegetable  substance  by  the  way  of  substitution,  in  thd 
tube  itself,  by  means  of  a  balance,  which,  when  loaded,  turns  by 
the  addition  of  one  milligramme  (0*015  gr.)  The  air  is  then  Ex- 
tracted from  this  tube  by  means  of  the  air  pump ;  it  is  filled  with 
oxygen  gas,  the  stop  cock  is^  shut,  and  all  its  joints  are  covered 
over  with  mastich,  or  it  is  surrounded  by  a  column  of  mercury 
during  the  burning  of  the  vegetable  miitter,  in  order  to  be  ceriaia 
that  no  gas  makes  its  escape  while  it  is  expanded  by  heat :  for  the 
stop  cock,  which  incloses  a  portion  of  gas,  is  not  always  able  to 
withstand  the  compression  or  dilatation  ^hich  takes  place  withih, 
which  frequently  acts  as  a  kind  of  valve. 

The  stop  cock  being  thus  secured,  I  heat  that  pArt  of  the  tube 
with  which  the  vegetable  body  is  in  contact,  to  an  obscure  red; 
and  for  this  purpose  I  employ  a  spirit  Jamp,  which  gives  a  flame  at 
least  one  decimetre  high  (3*937  inches),  and  at  least  of  such  a 
diameter  as  to  surround  the  whole  circumference  of  the  tube* 
Liquid  and  sooty  matter  speedily  disengages  itself,  and  is  depo- 
sited in  a  neighbouring  part  of  the  tube,  which  is  kept  cool  by. 
being  surrounded  with  moist  paper,  I  afterwards  heai  ibis  paft  of 
the  tube  to  redness.  The  vegetable  matter  burrts,  and .  is  partly 
volatilized  and  condensed  in  another  part  of  the-  tobe.  This  new 
portion  is  heated  to  redness  in  its  turn.  I  go  on  in  thi^  mannefji 
lieating  the  condensed  portion  a  great  many  tiroes  in  successlo^y 
till  the  decomposition  appears  to  be  complete,  and  the  liquid  )re« 
maining  to  be  nothing  else  than  pure  transparent  water. 

To  measure  the  alteration  of  the  volutne,  which  the  gas  has 
undergone  during  the  combustion,  I  fill  a  graduated  tube  one  deci- 
metre in  length,  and  furnished  with  an  iron  stop  cock  at  each  end> 
with  mercury  and  with  oxygen  gas,  fix  it  on  the  fiHit  tube,  plunge 
the  end  of  it  Imder  mercury,  and  open  both  the  stop  cocks,  which 
establishes  a  free  communication  between  the  two  tubes,  and  ob- 
serve the  increase  or  diminution  of  gas  which  has  taken  place.  1\> 
get  the  g(is  out  of  the  tube,  I  screw  upon  both  the  tubes  a  ballooOf . 
furnished  with  a  stop  cock,  and  filled  with  mercury.  The  mercury 
runs  into  the  tube,  akid  the  gas  makes  its  wa^  into  theljallpoh.  The 
quantity  of  it  is  sufficient  to  make  four  eud\OQif]togu.^gfriikieQU 
oy  its  nature.  ^^    - 

In  order  to  determine  whether  the  vegetable  iiAststtbt  «ib^^^^ 
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to  combustion  containtd  azote,  I  wnsh  wiih  30  grrammes  of  water' 
tlie  large  tube  and  tlie  mercury  witb  wbich  it  whs  fillerf,  in  order  to 
dfive  out  the  gas,  and  separate  this  water  from  tlie  mercury,  by 
means  of  a  fimnel  with  a  capUliiry  tube.  I  tlien  distil  tins  water  ttt 
m  moderate  heat  over  hydrate  oi  lime.  A  tube  moistened  with 
neutral  nitrate  of  mercury,  dt])ped  into  a  few  drops  of  the  distilled' 
liquid,  occasions  a  greyish  black  precipitate,  even  when  the  quan- 
^y  of  azote  in  ttie  vegetable  substance  analysed  does  not  exceed 
one  thousandtli  part  of  the  whole. 

By  means  of  this  reagent  1  estimated  nearly  the  small  quantity 
of  ammonia  which  existed  in  the  products  of  my  analyses,  after 
having  ascertained,  by  previous  trials,  how  much  water  it  was  neces- 
,'sary  to  add  to  a  known  mislureof  ammonia  and  water,  to  reduce  it 
io  the  limit  of  precipitating  immedialely  with  nitrate  of  mercury. 
I  found  that  when  water  has  absorbed  half  its  volume  of  amjno- 
aiacal  gas,  or,  in  other  words,  when  one  gramme  of  water  has 
absorbed  000034-13  gramme  of  ammonia,  55  times  its  volume  of 
pure  water  may  he  added  to  it,  without  preventing  the  precipitate 
from  immediately  appearing.  But  this  is  the  utmost  limit  of  dilu- 
tion ;  for  if  more  water  be  added,  the  precipitate  does  not  imme- 
diately appear;  supposing  that  in  both  cases  we  operate  upon  equal 
doses  of  the  liquid;  and  the  quantity  which  I  always  take  is  sis.. 
grammes.*  From  this  single  datum  a  table  may  be  constructed,. 
showing  the  quantity  of  ammonia  in  the  liquid,  according  to  the 
quantity  of  water  necessary  to  add  to  it,  in  order  to  bring  it  to  the 
limit  of  precipitating  with  the  nitrate  of  mercury.  We  mix  deter- 
nunate  quantities  of  the  liquid  and  water  together  till  we  come  to  . 
this  limit ;  suppose,  for  example,  that  I  find  that  this  limit  takes 
place  when  I  mis  togetlier  equal  quantities  of  the  liquid  and  water, 
the  table  in  that  case  shows  me  that  one  gramme  of  tiie  liquid  con- 
tains O'0O0OI2297  gramme  of  ammonia.  From  this  quantity  of 
aiamonia  I  determine  the  quantity  of  subcarboiiate  of  ammonia 
formed  during  the  experiment,  and  introduce  the  constituents  of 
this  salt  into  my  calculation. 

In  these  analyses  1  only  burn  five  or  six  centigrammes  of  the 
vegetable  body.  The  error,  resulting  from  weighing,  amounts , 
ODly>  in  consequence  of  the  accuracy  of  my  scales,  to  -j'-pth  of  the 
analysed  body.  1  endeavour  to  remove  this  error  by  repeating  the 
Analysis  several  times,  and  only  taking  the  results  when  they  are 
-siifliciently  accordant. 

The  uncertainties  attending  the  eudiomeirical  processes  are 
much  more  considerable.  By  means  of  them  alone  can  the  im- 
portant question  be  answered,  whether  in  saccharine,  gummy^ 
resinous,  and  starchy  bodies  the  oxygen  and  hydrogen  exist  in  the 

•  Tha  reagent  CO Dsi^ti  of  6^  partsof-  cryslalliseil  iiilrateiir  merewj,  disralMdi'- 
in  100  parlB  (if  cuia  water.  All  the  results  whicli  I  give  are  founded  on  ittO^Aj^ 
Male  of  (he  BoluliuD.  Bnl  as  it  is  probable  tliat  others  in:(y  not  prepare  it  lltj,. 
oiactlj  (he  9!imp  manner  ae  I  do,  il  will  be  neCcBsary  for  Kytty  one  to  delcrmtnii  '' 
tbedaiateipeetiag  Ihe  lotuliiu  oCoiitata  af  afrcury  for  bimcir.  '■('^J' 
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exact  proportion  necessary  to  constitute  water.  The  quantity  of 
o&ygen  above  this  proportion,  which  I  found  in  my  analyses,  does 
not  appear  to  be  sufficiently  great  to  destroy  the  law  established  by 
Gay-Lussac  and  Thenard,  that  a  vegetable  body  is  acid  when  it  con- 
tains an  excess  of  oxygen  above  what  is  necessary  to  constitute 
water,  since  it  may  be  ascribed  to  errors  in  my  experiments,  or  in 
my  method.  But  some  other  of  my  analyses  have  given  so  great 
an  excess  of  oxygen,  that  it  cannot  be  ascribed  to  errors  in  the 
experiment.  Thus,  for  example,  the  analysis  of  gum  arabic, 
which  I  repeated  five  times,  with  very  little  difference  in  the  re- 
sults, gives  its  composition  as  follows :  100  parts  of  gum  arabic^ 
dried  at  the  temperature  of  boiling  water,  and  abstracting  the  ash> 
are  composed  of 

Carbon 45*84  j 

'Oxygen 48*26  (  ^    /Water AG'S^J 

Hydrogen  . .     5*46  (  ^^  \Oxygen  in  excess ^'QS 

Azote 0*44  ) 

10000 

Gum  tragacanth  gave  me  very  nearly  the  $ame  result ;  and  sugar 
of  milk  contains  five  or  six  per  cent,  of  oxygen  above  what  is 
necessary  to  constitute  water,  and  39  or  40  per  cent,  of  carbon^ 
which  is  nearly  the  quantity  given  by  Gay>Lussac  and  Thenard. 

On  the  other  hand,  I  have  found  vegetable  bodies  neither  of  a 
resinous,  oily,  nor  alcoholic  nature,  which  yet  contained  no  excess 
of  hydrogen  abpve  what  was  necessary  to  constitute  water.  To 
such  belong  purified  sugar  of  manna,  precipitated  from  boiling 
alcohol,  100  parts  of  which,  dried  at  the  temperature  of  boiling 
water^  contain 

Carbon 47*82 

Azote 0*32 
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The  alterations  in  the  laws  respecting  the  combination  of  the 
constituents  of  vegetable  bodies  resulting  from  roy^  experiments  are 
not  remarkable.  We  see  that  all  gummy,  saccharine,  and  starchy . 
vegetable  bodies  consist,  in  fact,  of  little  else  than  carbon  united, 
to  a  portion  of  water  reduced  to  its  elements.  However,  the  ex- 
cess of  the-  oxygen  or  hydrogen  in  these  bodies,  above  what  is 
re;qubite  to  constitute  water,  must  be  greater  than  is  indicated  by 
m^ianalyses*.  Because  the  boiling  heat  of  water,  at  which  the 
vegetable  bodies  were  dried,  is  not  sufficient  to  dry  them  com- 
pl^ely,  and  .to  remove  all  tha..«t**^  retained  by  capillary  attrac- 
tion: this  adventitious  watef  te*  die  analyses  as  so  miich^'; 
elgm^ntary  water, ,  and  Jtn^&iu  ^  it  found  in  thi^v  5ub-* 
sunce'Voo  great^.  lyhea  fiompa jBjih  natitueatsw  ^.>   -^ 
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Article  X. 

Answer  to  Mr.  Prevost's  Queries  resjiecling  the  Explanation  o/" 
Mr.  B.  Prevost's  Experiments  on  Dew,  By  Wm.  Chsiles  Wells, 
M.D.   F.R.S. 

(To  Dr.  Thomson.) 

SIR, 
Having  seen  in  the  last  number  of  your  Journal  an  indir*t( 
tpplication  lo  me  by  the  acute  and  leameri  Mr.  Prevwt,  of  Gen«V8> 
I  Kquest  permission  tb  inform  thnt  Gentleman,  throu^'h  the  slant 

' -  channel,  that  the  explanation  wiiicli  he  has  givenj  iti  his  work  on 
Radiant  Heat,  of  Mr.  Benedict  Prevost's  observations  on  dew,  is 
regarded  by  toe  as  being  neither  referrible  to  the  whole  of  them,  nor 
altogether  ^atisfaclory  with  reapect  even  to  thotie  to  which  it  applies. 
Id  the  first  place,  he  takes  no  notice  whatever  of  a  wliole  class  of 
Mr.  B.  Prevost's  observations  ;  those,  namely,  which  relate  to  what 
happened,  whan  glass  vessels  partly  tilled  with  various  substances 
were  exposed  by  liim  to  the  inftueoce  of  the  causes  of  dew.  In 
these  experiments  the  Uiwer  parts  of  the  v&sels  lemuined  dry, 
though  other  parts  of  them,  which  were  above  the  level  of  the  cen- 
tred substances,  were  covered  with  dew.  llic  author  adds,  that 
the  dbunce  between  the  upper  surface  of  the  contained  subsiaiice, 
and  the  part  of  the  vessel  at  which  dew  began  to  appear,  varied 
according  to  the  nature  of  the  substance;  it  being  greater,  for 
example,  in  a  vessel  contaiiiiiig  mercury,  than  in  another  of  the 

.  lame  siz^  containing  water. 

In  the  second  place,  Mr.  Prevost,  of  Geneva,  supposes  dew  to 
ftirm  in  circumstances,  in  which,  I  venture  to  say,  it  cannot  occur. 
If  a  thin  plate  of  a  brigiit  metal  be  fastened  to  a  pane  of  glass  in  a 
•window  of  a  room,  the  air  in  whick'is  warmer  than  that  wiihout^ ' 

.  dew,  according  to  his  representation,  will  be  deposited  oh  (he  Otlt-"_ 
side  of  this  piece  of  glass,  as  the  metal  covering  its'  iiiside  is'a'' 
screen  against  the  heat,  whiL^h  is  radiated  towards  it  by  the  walls  jtbd* 
contents  of  the  warm  chatnber.    Now  it  is  manifest,  that  the  utmost 
effect  which  can  be  pWduced  ih  this  way  will  not  occasion  the  out- 
side of  the  glass  to  be  tis  cold  as  the  eMernal  atmosphere  -,  for  the 
Uietal  will  admit  into  itself  some  part,  iiowever  small,  of  the  heat 
*hiclri5  ftdlatsd  to  it,  aifd  itfillcommutilcatethis  to  the  glass,  along 
with  that  which  it  acquires  at  the  same  limt,  by  contltiction,  frbm' 
the  eontigtioUs  wami  nir.  But,  if  the  outside  of  the  glass  he  warmey 
tlian  (he  air,  Aevf  it'll!  sin  form  ujjon  it-;  since,  according  tovtf-. 
feperience,  bodies  Will  rtot  receive  dew  unless  they  be  voider  thtt" 
lht?8lr.  ■ 

4  think,  Sir,  that  1  fieed  my  nothing  more  in  justification  of  tW^ 
intetutan,  wlyfih  I  formerly  entertained,  of  offering  an  exphn&rldil 
of  Mr.  B.  Prevost's  oliser  vat  ions  on  dew,  though  one  had  already 
been  g'sretr  of  i  ^rt^if  ihftm  bjMr.  Prevtjit,  of  GftntsTil. 


already 
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of  what  has  been  written  by  this  Gentleman  upon  them  seems  to 
me  entirely  just.     But  it  is  nevertheless  my  opinion,  that  he  couid 
not  possibly  have  explained  them  completely,  so  Ume^  as  he  was 
ignorant  that  bodies  become  colder  than  the  air  before  they  are 
^wed  ;  a  (act,  I  believe,  first  known  to  myself,  and  not  published  ^ 
by  me  until  several  years  after  the  appearance  of  his  book  upon 
Radiant  Heat. 
.  I  conclude  by  mentioning  very  shortly  two  other  things  relating 
to  Mr.  Prevost.     The  first  is,  that  if  he  had  seen  my  letter  to  you, 
vifbich  was  printed  in  your  Journal  last  April,  he  would  probably 
have  collected  from  it  the  information  which  he  now  desires.    The. 
second,  that  I  feel  strongly  tlie  commendation,  which  has  been 
bastowed  upon  my  meteorological  labours  by  a  person  of  his  high 
rank  in  philosophy. 

lam.  Sir,  your  most  obedient  humble  servant, 
x«iMfM,  Nov.  IS,  1815.  William  Charlks  WsLLa« 


Article  XI, 

Memoir  on  Iridium  and  Osmium^  Metals  found  In  the  insoluik 
Residuum  of  crude  Platinum  treated  by  JSitromurialic  Acid* 
By  M.  Vauquelin.* 

FIRST  PART. 

§  I.  —  History. 

TaocGH  what  M.  Fourcroy  and  myself  have  said  in  the  three 
memoirs  which  we  published  on  the  insoluble  residue  of  crpde  pla-. 
tioum  treated  by  the  acids  has  explained  most  of  the  principal 
characters  of  the  metals  which  it  contains,  and  though  Mr.  Ten*^ 
nant,  who  examined  it  after  us,  has  added  nothing  in  this  respect 
to  our  knowledge,  yet  by  working  upon  larger  quantities  than  we 
werie  able  to  do  at  that  time,  and  by  increasing  the  number  of  ex* 
periments,  I  have  been  lucky  enough  to  discover  some  new  pro- 
perties in  these  metals,  to  verify  some  conjectures  thrown  out  in  our 
memoirs,  and  in  some  cases  to  correct  mistakes  into  which*  we  had' 
fallen. 

I  have  been  at  great  pains  to  endeavour  to  discover  simple  pro* 
cesses  for. obtaining  these  metals  in  a  state  of  purity;  for  it  was 
because  one  of  them  had  not  been  obtained  in  that  state  that  certaia 
properties  have  been  ascribed  to  it  which  belong  only  to  a  mixture 
of  it  with  other  matters. 

Finally,  1  have  constated,  with  the  greatest  certainty,  the  exist*, 
eoce  of  the  two  metals  announced  by  Mr.  Tennant,  which  Fouii- 
croj.aad  myself  liad  mistaken  fof.j    "^  nations  of  a  single  species^ 


f . 
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t  §  II.  Analytic  Process,  --rv  • 

What  renders  the  analysis  of  the  blaek  powder  from  crude  pla- 
tmiim  $0  complicated  and  difficulty  is  the  great  number  of  substances 
which  it  contains.  Thht  we  may  be  able  to  follow  the  series  of 
operations  to  which  it  is  necessary  to  subject  it,  I  think^it  necessary 
to  point  out  these  substances. 

The  black  powder  contains  chromium,  osmium,  indium,  tita- 
nium, iron,  sand,  and  even  a  little  alumina. 

50  grammes  of  the  black  powder  well  pulverized  being  loli^d 
with  100  grammes  of  nitre,  f  introduced  tne  mixture  into  a  porce- 
lain retort,  to  which  I  adapt  a  tube  plunging  into  lime-water.  The 
retort  is  gradually  heated,  and  the  heat  continued  till  gas  cease^  to 
be  disengaged. 

Effects. 

The  first  effect  is  the  disengagement  of  a  gas,  which  is  probably 
a  mixture  of  oxygen  and  azote ;  the  second,  a  light  yellow  preci- 

Sitate  in  the  lime-water  through  which  the  gas  passes ;  the  third,  the 
)rmation  of  a  great  number  of  small  white  crystals  in  needles  in 
the  tube  which  conducts  the  gas  to  the  lime-water;  the  fourth^  the 
disappearance  of  the  precipitate  formed  in  the  lime-water,  and  of 
the  yellow  colour  of  that  liquid ;  the  fifths  the  disappearance  of  the 
crystals  contained  in  the  tube.  From  this  period,  to  that  wheft  gas 
deases  to  come  over,  no  further  change  takes  place. 

§  III.  Examination  of  the  Products  of  the  preceding  OperatioTip 

and  Explanation  of  tlie  Phenomena.  ' 

1 .  The  lime-\vater  through  which  the  gas  had  passed  was  become 
acid.  It  gave  out  a  strong  smell  of  osmium  :  accordingly  nutgalfs 
gave  it  immediately  an  intense  blue  colour.  This  proves  thac  the 
crystals  formed  in  the  tube  at  the  commencement  of  the  Operation 
were  oxide  of  osmium,  and  that  these  crystals  were  carried  to  tfee 
lime-water  by  the  hot  gas  which  passed  over  them  continually. 

2.  The  yellow  colourVhich  the  lime-water  assumed  at  first  wds 
owing  to  its  combination  with  osmium,  which  the  nitrous  acid  tlvat 
afterwards  came  over  destroyed. 

3.  The  water  which  I  introduced  into  the  retort  to  soften  tlie 
residue  assumed  a  very  deep  reddish-brown  colour.  This  liquid  had 
not  the  odour  of  osmium,  as  that  has  which  we  obtain  from  the 
residuum  of  crude  platinum  melted  with  potash.  This  might  lead 
to  the  suspicion  that  the  osmium  had  been  entirely  volatilized, 
H^hich,  however,  is  not  the  case,  as  we  shall  see  hereafter, 

4.  When  the  excess  of  alkali  contained  iti  tliis  liquid  is  saturated 
with  nitric  acid,  a  green  ilocky  precipitate  is  fOrftied,  compiosed^'Of 
•fridium,  titanium,' iron,  alumina,  and  sometimes  of '«Htt)e'oifide^i&f 
<chromittm.  l^c$  liquid  then  assumes  xht  ^eWavt  66\^vdl  dhtottkne 
of  potash,  and  gives  out  a  strong  smell  of  osmium^  ^Il0il4b|^tlttit 
this  metal  had  been  in  combrnX^pu  vcvUv  tUe  alkali. 

.      1 
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§  rV.  Saturation  and  Distillation  of  the  Alkaline  Liquid, 

When  the  black  powder  communicates  no  longer  to  the  allcali, 
either  osmium  or  chromium,  the  alkaline  liquids  mixed  together  are 
treated  in  the  following  way  : — 

1 .  The  excess  of  alkali  is  gradually  saturated  with  nitric  acid, 
taking  great  care  not  to  add  an  excess  of  acid,  least  a  portion  of  the 
precipitate  should  be  redissolvcd.  A  flocky  precipitate  of  a  bottle- 
green  colour  appears,  the  composition  of  which  has  been  already 
mentioned ;  and  the  liquid,  which  before  had  an  orange-r^d  colour, 
assumes  that  of  a  pure  yellow. 

2.  The  yellow  liquid,  being  filtered,  contains  only  chromate  of 
potash  and  oxide  of  osmium.  To  separate  them,  a  little  nitric  acid 
is  added  to  the  liquid,  to  destroy  the  combination  of  the  potash  with 
the  oxide  of  osmium.  It  is  then  distilled  till  no  more  osmium 
comes  over.  This  is  easily  ascertained,  by  separating  the  product 
I'rom  time  to  lime,  and  observing  when  it  has  no  smell.  To  collect 
the  oxide  of  osmium,  which  is  very  volatile,  it  is  necessary  to  sur- 
round the  receiver  with  ice,  or  at  least  with  cold  water  frequently 
renewed.  * 

The  liquid  obtained  is  colourless,  like  water,  but  easUv  distin- 
guished by  the  strong  odour  which  it  exhales,  and  the  metallic  taste 
which  it  possesses. 

Sometimes  during  this  distillation  there  forms  at  the  neck  of  the 
retort,  and  even  within  the  receiver,  a  black  matter,  having  in  cer- 
tain aspects  a  coppery  lustre.  By  means  of  water  it  may  be  de- 
tached in  small  brilliant  scales.  We  shall  return  afterwards  to  this 
matter. 

§  V.  Precipitation  of  the  Osmium, 

When  we  wish  to  separate  the  osmium  from  the  water,  a  little 
muriatic  acid  is  added,  and  a  plate  of  zinc  introduced.  If  the 
quantity  of  muriatic  acid  is  considerable,  we  observe  i^  blue  sub- 
stance, which  detaches  itself  from  the  surface  of  the  zinc  in  the 
form  of  clouds,  and  which,  by  dissolvin^as  it  spreads  through  the 
liquid,  communicates  a  purple  tint  to  the  whole.  But  when  the 
muriatic  acid  is  diminished  to  a  certain  point,  the  liquid  assumes  a 
fine  indigo^blue  colour.  The  blue  matter  at  last  separates  from  the 
liquid  in  the  form  of  flocks,  which,  when  they  are  united  together, 
appear  black,  and  the  liquid  becomes  colourless  as  watier. 

It  misiy  happen  that  the  quantity  of  muriatic  acid  added  is  not 
sufficient  to  precipitate  the  whole  of  the  osmium.  This  will  be 
easily  perceived  by  the  eflFervescence  ceasing  before  the  liquid  has 
lost  its  colour  and  its  sinell.  In  such  a  case  a  small  additionBl  quan- 
tity of  acid  must  be  poured  in,  to  keep  up  a  slight  effervescence, 
and  to  prevent  the  osmium  from  attaching  itself  to  the  zinc,  fitioi 
which  it  would  be  very  difficult  to  separate  it  af£ecwardsji)jr:j 
mcaLmeaos.    ...  ..^    li^ti 
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The  osmium  being  collected  at  the  bottom  of  the  vessel,  tbe 
liquid  must  be  carefully  drawn  off.  Water  is  repeatedly  {k>ured 
upon  the  metal  to  wash  it  thoroughly.  It  is  even  proper  in  the 
first  wa^^ga  to  employ  water  acidulated  with  a  little  sulphuric 
acid  in  order  to  dissolve  any  particles  of  zinc  which  it  may  contain. 

Thus  washed,  the  osmium  is  pure.  It  has  only  to  be  dried  in  a 
gentle  heat,  and  then  preserved  in  close  vessels, 

§  VI.  Sepcaration  of  the  Cliromic  Acid  from  the  Residuejrom  which 

the  Osmium  was  distilled. 

The  chromium  and  osmium  being  dissolved  in  the  same  liquid, 
hat  the  one  being  fished  and  the  other  volatile,  we  had  recourse  to 
heat  to  separate  them  from  each  other.  The  chromium  of  course 
remains  in  the  residue  combined  with  potash.  To  obtain  this  metal, 
« the  liquid  is  poured  out  of  the  retort,  evaporated  to  dryness  in  a 
capsule,  redissolved  in  water,  and  filtered,  to  separate  any  silica 
which  it  may  contain. 

Then  pronittatc  of  mercury  is  poured  into  the  solution.  A  red 
precipitate  falls,  which  is  prochlorate  of  mercury.  ThFs  precipitate 
IS  washed  with  a  great  deal  of  water.  It  is. then  dried^.  and  calcined 
in  a  crucible,  to  obtain  the  green  oxide  of  chromium. 

When  in  our  first  experiments  we  employed  potash  to  decompose 
the  black  powder  from  platinum,  wc  were  obliged  to  recommence 
the  operation  four  or  five  times,  in  order  to  dissolve  all  the  chro- 
mium and  the  osmium.  But  when  nitrate  of  potash,  in  the  pro- 
portion of  two  parts  of  the  salt  to  one  of  the  powder,  is  employed 
for  the  purpose,  two  operations  are  suflBcient,  because  the  oxygen 
contained  in  this  salt  is  sufficient  to  oxidate  the  two  metak;  and 
the  potash  which  becomes  free  is  capable  of  dissolving  them.  I 
therefore  recommend  nitre  instead  of  potasli  in  this  operation.  / 

§  VII.  Treatment  of  the  Black  Powder  from  which  the  Chromium 
and  Osmiiim  have  been  separated,  by  Mttriatic  Jdd, 

After  having  well  washed  the  black  powder  from  platinum  treated 
with  nitre,  a  little  of  it  is  put  into  muriatic  acid  diluted  with  its 
};>u1k  of  w£|ter.  If  this  mixture,  wlien  heated  a  little,  gives  out  the 
smell  of  osmium,  the  powder  must  be  treated  again  with  half  Its 
W.cight  of  nitre,  following  the  same  process  as  before. 

The  residue,  which  has  a  bluish-black  colour,  is  now  to  be 
^gested  in  moderately  concentrated  muriatic  acid.  An  action 
imuiediately  takes  place,  which  is  announced  by  the  elevation  of  the 
temperature  of  the  mixture,  and"  by  the  green  colour  which  the 
liquid  acquires. 

Sometimes  during  this  operation  the  smell  of  oxvmuriatic  acid  is 
perceived,  and  4  small  quantity  of  it  seems  to  ne  formed^  for 
,  bqiving  heated  tjie.  mixture  In  a  retort  furnisbe4  with  ;^  receiver,  I 
pttained  a  liquid,  which' speedily  destroyed  the  tihcture  of  li(mus. 

When  the  acid  in  excess  has  remained  for  some  days  on  the 
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black  inatter^  and  appears  to  act  no  further,  it  is  decanted  ofl^  and 
the  residue  is  washed  ifith^waAefy  which  is  added  to  the  first  soIut 
tipn. 

The  liquid,  though  diluted  with  a  great  quantity  of  water,  has  h 
green  c(dour,  so  deep  that  it  intercepts  the  passage  of  light,  unless 
It  be  in  a  very  thin  layer. 

If^  notwitlistanding  the  precaution  indicated  a1x)ve,  this  solution 
still  gives  out  tlie  smell  of  osmium,  it  must  be  put  into  a  retort,  and 
subjected  to  distillation*.  The  osmium  will  be  obtained  in  the  wat^r 
that  comes  over  acidulated  with  muriatic  acid.  From  this  it  is  to  be 
precipitated  by  a  plate  of  zinc  in  the  manner  described  above.  While 
this  liquid  is  kept  boiling,  in  order  to  disengage  its  osmium,  it  de* 
posites  a  great  quantity  of  matter  of  a  bottle-green  colour,  and  the 
liquid  assumes  a  very  deep  redditih^brown  colour. 

This  green  matter  is  separated  by  the  filter,  and  washed  with  a 
great  deal  of  hot  water.    I  shall  denote  it  by  the-  letter  B, 

Black  powder  treated  only  once  with  two  parts  of  nitre  does  not 
dissolve  entirely  in  muriatic  acid,  however  great  a  quantity  of  it  we 
employ.  There  remains  always  at  least  ^.  und^  the  form  of  a  bluish 
powder,  containing  white  brittle  metallic  grains.  This  metallic 
residue,  indeed,  may  he  dissolved  by  boiling  it  for  a  long  time  in 
very  strong  nitromuriatic  acid :  but  the  process  is  long  and  expen- 
sive. The  labour  is  greatly  abbreviated  by  treating  it  with  its  own 
weight  of  nitre  and  heat.  Then  the  matter  oxidizmg  by' means  of 
the  salt  combines  with  the  potash  set  at  liberty,  and  then  dissolves 
in  muriatic  acid,  communicating  to  it  a  fine  blue  colour. 

If  there  still  remain  some  portions  of  matter  wliich  refuse  to 
dissolve  in  muriatic  acid,  we  must  treat  them  again  with  nitre;  and 
thb  process  must  be  repeated  till  the  whole  be  dissolved. 

§  VIII.  Examinaiion  and  Properties  of  the  above  Muriatic  So- 

lutions. 

When  the  black  powder  from  platinum  is  tlius  treated  alternatefly 
with  nitre  and  muriatic  acid,  after  having  separated  the  chromium 
.and  osmium,  we  observe  that  the  fii*st  muriatic  solution  is  of  a 
yellowish-green  colour ;  the  second,  of  a  bluish- green  ;  the  third, 
of  a  greenish-blue ;  and  all  the  subsequent  ones  blue.  We  ob- 
serve, likewise,  that  the  last  mixtures  of  the  powder  with  nitre 
communicate  to  the  water  employed  to  wash  it  a  colour  equaHy 
blue. 

On  examining  the  diflferent  solutions,  I  found  that  the  first  con- 
tained a  good  deal  of  iron  and  titanium,  and  but  little  iridium:  la 
the  second  there  was  less  iron  and  titanium,  and  more  iridiuon.  In 
the  third,  still  less  iron,  and  very  little  titanium ;  but  some 'traces 
of  iron  were  always  to  be  observed,  even  to  the  very  last  solution. 

These  eSbcts  are  easily  conceived,  when  m  reflect  tliat  the  first 
solution  ought  to  contain  all  the  iron  coa^  <>■  tbromate,  and 

all  the  titanium  the  union  of  which  ^  il  has  beep  de- 
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stroyed  by  the  alkali  of  the  nitre,  while  the  last  solutions  contain 
only  tlie  iron  that  was  united  with  the  indium. 

From  this  it  follows,  thai  if  we  divide  into  three  equal  portions 
,  the  quantity  of  muriatic  acid  necessary  to  dissolve  tb'e  black  powder, 
I  and  if  the  first  portion  is  sufficient  to  dissolve  all  the  iron,  the 
I  colour  of  the  first  solution  will  be  yellow  ;  of  the  second,  blue,  with 
Li  shade  of  green;  and  of  the  third,  pure  blue  ;  supposing  that  we 
I  have  carefully  washed  the  residue  after  each  portion  of  acid  has 
I  icted  on  it. 

This  shows  that  the  green  colour  of  the  first  solution  is  not 
I  timple,  but  composed  of  iron,  which  gives  a  yellow  and  a  blue 
I  nrttter,  which,  by  mixing  with  the  yellow,  produces  a  green.  This 
[  proves  likewise  that  the  iron  dissolves  the  first ;  and  that  probably, 
I  if  we  were  to  pour  on  the  black  powder  only  the  quantity  of  acid 
I  necessary  to  dissolve  the  iron,  this  metal  almost  alone  would  be 
\  diisotved. 

Yet  I  must  acknowledge,  that  though  I  applied  the  acid  to  the 
1  black  powder  in  a  great  number  of  dosea,  I  always  found  iron, 
I  tlibugh  in  small  quantity  indeed,  even  in  the  last  solutions. 
I  ■  Before  explaining  the  method  wliieh  I  followed  in  analyzing  the 
I  difiercnt  solutions  of  the  black  powder  in  muriatic  acid,  and  in 
I  separating  the  iridium  from  tlicm,  I  ihink  I  ought  to  point  out  the 

rhenomena  which  they  presented  with  certain  re-actives  with  which 
mixed  them. 

1.  The  first  solution,  or  that  which  contains  the  most  iron,  and 
Iwhicli  of  consequence  is  of  a  yellowish-green  colour,  gives  with 
I  ammonia  a  bottle-green  precipitate,  and  the  liquid  remains  colour- 

.     But  if  oxy muriatic  acid  be  introduced  into  the  filtered  liquid, 
isumes  a  fine  red  colour,  a  phenomenon  which,  showing  that 
le  metallic  body  remains  in  the  liquid,  will  enable  us  immediately 
to  explain  several  interesting  facts. 

2.  Sulphate  of  iron  and  sulphureted  hydrogen  deprive  this  liquid 
almost  entirely  of  its  colour,  especially  if  it  be  diluted  with  water. 

3.  If  into  the  solution  thus  deprived  of  its  colour  by  sulphate  of 
iron  and  sulphureted  hydrogen,  oxymuriaiic  acid  be  put,  it  assumes 

I  a  green  colour,  and  then  becomes  violet-red,  if  the  acid  be  in  suffi- 

I  rient  quantity. 

I       4.  The  solution  rendered  violet-red  by  osyniuriatic  acid  being 

I  exposed  to  the  air  recovers  its  green  colour  in  projiortion  as  the  acid 

I  evaporates. 

I       S.  The  heat  of  boiling  continued  for  some  time  produces  in  this 

I  solution  a  bottle-green  pretipitatu  (which  we  hove  denoted  by  the 

I  letter  B),  and  changes  its  colour  to  a  very  deep  red.    The  precipi- 

r  tare  which  ammonia  afterwards  forms  in  this  liquid  is  red,  and  eon- 

P  tains  only  iron. 

(    '  6.  If  after  having  separated  the  precipitate  which  falls  when  the 

I  liquid  is  kept  boiling,  we  evaporate  the  whole  to  the  consistence  of 

fa%  syrup,  it  I'urniabes,  oo  cooling,  tetrahedrtti  ci^stals  (^abhiflic-- 
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salt,  so  deep  as  to  be  easily  iBistakea  for  charcoal  in  powder.  Oo 
cxafniiiing  this  salt,  I  found  it  a  muriate  of  i];idiuin-and-potasfa^  of 
wliich  I  shall  speak  in  another  article.  .   ; 

7*  If  the  solution  which  has  thus  yielded  crystals  be  diluted  with^ 
four  or  five  times  its  bulk  of  water,  if  the  iron  be  precipitated  by  '., 
ammonia^  and  the  precipitate  well  washed,  we  find  in  it  no  tface  of  , 
iridium.     Yet  the  liquid  is  not  coloured,    nor  does  it  become 
coloured  by  concentration,  and  the  sal-ammoniac  which  it  yields  is 
white.      One   would  suppose,    then,    that .  it  contained  nothing  . 
metallic.    But  if  oxymuriatic  acid  be  mixed  with  this  liquid  con- 
centrated, it  immediately  assumes  a  red  colour;,  and  if  .we  drive  off 
,the  sal-ammoniac  which  it  furnishes,  it  leaves  a  black  powder,  whi^h 
is  metallic  iridium.  .,'.'" 

The  second  muriatic  solution  of  the  black. powder  from  platinum, 
or  that  which  has  a  greenish-blue  colour,  presents  in  general  the  , 
same  properties  as  the  preceding ;  but  all  the  qualities  indicating 
ivonk   are  less  distinct  in  it,  while  those  indicating  iridium .  are 
more  so<  ^ . 

Thus  the  fH-ecipitate  formed  in  it  by  alkalies  is  less  abundant,  and 
of  a  colour  more  inclining  to  blue.    The  diminution  of  colour  pro- 
duced in  it  by  sulphate  of  iron  and  sulphureted  hydrogeais  much 
more  complete.    The  red  colour  which  it  acquires  by  heat  and  oxy-  \ 
muriatic  acid  is  much  more  pure. 

The  third  solution,  which  is  of  a  pure  blue,  exhibits  still  more 
distinctly  the  phenomena  depending  on  the  presence  of  iridium, 
while  those  depending  on  iron  become  always  feebler. 

If  we  pour  soqfi^of  that  last  solution  into  a  solution  of  potash, 
taking  care  to  have  an  excess  of  alkali,  a  light  yellow  precipitate  is 
formed,  and  the  ljf]^d  assumes  a  pure  blue  colour.  The  precipitate 
is  occasioned  by  tlie  oxide  ctf  iron,  and  the  blue  colour  of  the  alkaline 
solution  by  the  oxide  of  iridium.  Hence  it  follows  tliat  if  the  solu- 
tion of  iridium  was  pure,  it  would  not  be  precipitated  by  an  excess 
of  potash.     This  will  be  confirmed  hereafter. 

§  IX.  Examination  of  the  Precipitate  B, 

A  portion  of  this  matter  put  into  muriatic  acid  while  yet  moist 
was  speedily  dissolved.  The  solution,  which  had  a  very  intense 
bottle-green  colour^  was  put  to  the  following  trials. 

1.  It  was  precipitated  in  green  fiocks  by  the  alkalies. 

2.  Sulphureted  hydrogen  immediately  deprived  it  of  its  green 
colour,  and  gave  it  a  slight  fawn  colour.  Some  drops  of  alkali  l^t 
iaW  into  the  liquid  thus  discoloured  throw  down  green  Qocks,  a$  if 
no  sulphureted  hydrogen  b^  been  used. 

3.  Infusion  of  galls  destroys  the  green  colour,  and  produces  a 
brown. 

4.  The  prussiate  of  potash,  without  occasioning  a.p^^pitatA, 
renders  the  green  colour  more  intense,  giving  it  a  sljgu^f 
blue,  which  indicates  the  presence  of  iron.  ':it  ] 

5.  When  the  solution  of  this  substance  is  heated,  it  e;4 
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ndour'ninilar  to  that  of  oxymuriatic  acid,  and  At  the  same  i 
Bisumes  a  I'l^d  colour.  As  this  production  of  atymuriatic  acid  oay 
serve  to  «(|>tuin  lim  thunge  ul  the  colour  of  ihc  solution  from  gieen 
to  red,  u  qiiaiitiiy  of  it  wds  jnit  inio  a  retort  fuftiished  whh  a  re- 
ceiver; Blid  licHlcd  till  il  itcquired  a  rrddi^h-brown  colour. 

)li«  prudu('tol>ia,L)fd  htid  the  smell  of  oxyinuriatic  add,  andde> 
atmvcd  ilie  colour  of  liimu?,  io  thm  it  could  not  he  restored  by  the 
■Ikulies. 

riiui  ihe  iliscul  oil  ration  of  the  green  liquid  hy  sulphureted 
Iiydrogi'n  Biid  tlie  siil|}h;iie  of  iron,  hikI  iis  cliange  into  violet-red 
i^  oxymuriHtic  ucid,  »:;em.'  to  announce  ihut  the  metti!  is  in  a  mean 
•taw  iif  oxidnliun  when  it  is  blue,  and  that  it  descends  to  a 
luiLiimiim  wlien  it  passes  lo  while.  It  is  n'lt  prohahle  that  the 
production  of  ihe  onymuriutic  acid  of  which  we  have  spoken  is  the 
'  ajh;ct  of  ihi:  cliange  of  the  blue  colour  into  ted,  since,  on  the  con- 
trary, this  last  is  changed  into  >iolet-red  by  ihe  addition  of  oxytna- 
liuiic  Hcid.  In  laci,  ihc  blue  liquid  discoloured  by  sulphate  of  iron, 
by  siilpliurcied  hydrogen,  liy  a  plute  of  zinc,  or  by  any  other  body, 
i^ssesat  once. into  bhie  by  ibe  addition  of  a  Email  quantity  of  oxy- 
i  muriatK  acid.  Thi^^  seems  to  leave  do  doubt  that  the  most  oxygen- 
>  ;aiud  unoii  iri'  this  substance  is  that  which  exists  in  the  red  solution. 

fwoh  are  ilie  piupctiiea  of  the  boltle-green  substance,  precipi- 
•  >tBti.-d  (luniif^  boiling  fiom  tiif  first  muriaiic  solution  of  the  black 

powder  fh>Hi  pljiuiiim,  previously  treated  wilh  nilre. 
X,  SU  :g»iiunes  of  ihe  black  powder  furnished  10  grammes  of  thU 
itibowk'-gretii  precipiiHie.  After  ivashiiig  and  calcination,  it  had  ft 
Mtliick)  citluur,  a  Huuoth  and  brilliant  fracture,  like  that  of  ^ass: 
;  tben^  though  well  pounded,  it  dissolved  no  longer  entirely  JK 
.  tuoriutic  acid. '  Of  iliei^e  10  grammes,  which  were  boiled  wiih  five 
pans  of  nitra-muriBtic  acid,  Lie  grammes  only  were  dissolved,  .and 
i  r'4  grammes  remuiiied  under  the  term  of  a  green ish-broirn 
poivder.  This  matter,  being  dried,  and  pulverized  again,  was  std>- 
.  jeclcd  a  second  time  to  the  action  of  a  great  quantity  of  ntiro< 
7  muriaiic  acid,  wiihout  dissolving,  it  bad  merely  UMnmutiicatFd  to 
■)  tlie  acid  a  redili>h-hr«wn  colour.  The  solutions,  being  united  ^d 
concctitrmed  by  tvapiiratioii,  did  not  furnish  erjstals;  but  mutiaie 
<  of  fimmunia  being  added  to  it,  a  black  salt  was  obtained,  similar  to 
.  the  one  meniiDtied  before,  and  which  is  an  a nimoniaco- muriate  of 
.  iridioTiu  If  when  these  solutions  yield  no  more  of  the  salt  by  con- 
-'  «emrHlion,  we  dilute  tbem  with  water,  and  add  to  them  a  sufficient 
quaniity  of  amrnunia  to  saturate  all  the  acid,  a  precipitate  falls, 
1 .  which  has  all  the  appearance  of  oxide  of  iron,  and  which  in  teality 
'  contains  iK)tliing  else,  except  h  little  oxide  of  titanium  and  silica. 
u:  ' 'ilielliqutd  from  which  this  preciptiatfe  has  been  separated  is 
-rcolourless^  though  it  still  contains  atnmoniaco-muriate  of  iridium, 
.BsissbowD  by  tiie  red  colour  jvoditced  in  it  by  oxytnuriaric  acid. 
!.  jOat  precipitate  being  uo  lowger  actedupon  by  acids,  l>treoled  it 
"with  twice  its  vveight  of  caustic  potash,  which  rendered  it  soittl^  in 
■        -'^aairiadc  hcid.    The  suluiiim  na%  veltow,  and  9re9enied:all  \ht  A^h 

k  Jl 
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perties  of  cnmriate  of  titanium  mixed  with  a  mimite  qaaatity  of 
von. 

..  j  ;Thiis  the  precipitate  undqr  examination  is  composed  of  iridiuBi^ 
iron, .  titanium,  tnd  silica. 

It  follows  &om  this  that  though  the  liquid  from  which  these 
different  substances  come  was  sensibly  acid,  a-  portion  of  the  iron, 
most  of  the  titanium  and  iridium  at  a  medium  point  of  oxidation 
are  precipitated  by  means  of  heat.  It  is  to  \>e  presumed  that  the 
rtitanlum^  the  solutions  of  which  are  decomposed  by  beat,  is  the 
cause  of  the  precipitation  of  the  iron  and  iridium,  which,  would 
not  take  place  with  either  of  them  separately.  These  bodies  seem 
:  to  exert  a  reciprocal  action  on  each  other,  which  produces  a  com- 
pound insoluble  at  least  in  a  weak  acid. 

Now  that  we  know  the  nature  of  the  substances  contained  in  tlie 
muriatic  acid  solutions,  and  the  way  in  which  they  are  acted  on  by 
redact ives,  we  can  trace  with  more  accuracy  the  method  that  must 
be  followed  in  order  to  extract  the  iridium  in  a  state  of  purityp 
which  is  our  principal  object. 

»  We  tiave  remarked  that^  iridium,  when  in  the  stale  in  whkh  it 
gives  red  solutions,  is  no  longer  precipitated  by  heat^  even  when 
assisted  by  the  actbn  of  titanium,  nor  by  the  alkalies,  from  its 
solutions  when  sufficiently  diluted :  that  it  is  precipitated  jo  the 
state  of  a  triple  salt  by  sal-ammoniac  when  its  solutions  are  oen^ 
centrated. 

We  must  therefore  bring  iridium  Into  this  state,  by  adding  to  tha 
solution  a  .certain  quantity  of  nitric  acid,  and  boiling  the  mixture 
for  a  long  time.  When  the  greatest  part  of  the  superabundant  add 
is  dissipated,  the  solution  is  diluted  with  a  considerable  quaotit]^  of  , 
water,  and  the  quantity  of  ammonia  is  added  necessary  to  bring  the 
liquid  nearly  to  a  neutral  state.  When  the  lk]uid  is  how  boiled,  a 
precipitate  folls^  consisting  chiefly  of  oxide  of  titanium  with  a  little 
iron^  witliout  any  mixture  of  iridium,  if  the  precipitate  be  pio- 
perly  washed.  The  liquid,  now  containing  only  iridium  and  iron^ 
IS  concenfrated  and  mixed  with  saUammoniac.  A  black  crystalline 
precipitate  of  ammoniaco-muriate  of  iridium  falls,  from  which  the 
supernatant  liquid  is  separated  by  decantation.  When  the  conoen** 
trated  liquid  furnishes  no  more  salt^  it  is  diluted  with  water,  the 
iron  b  precipitated  by  ammonia,  the  precipitate  washed  with  hot 
water,  and  the  liquids  evaporated  to  dryness.  The  residual  salt 
being  exposed  to  a  red  heat,  leaves  very  pure  iridium  in  the 
metallic  state. 

*:  The  ammonio-muriate  of  iridium  being  obtamod  tn  a  Itate  of 
purity,  we  have  only  to  heat  Jt  to  redness  in  a  covered  crucible  in 
order  to  obtain  metallic  iridium  in  a  state  of  powder.  1  ^u|^t  to 
nbservej  however,  ihat  the  sah  of  which  1  have  jost  spokeniioon* 
tilintng  lalways  a  small  quantity  of  muriate  of  potash^  the  metal 
which  it  furnislies  requires  to  be  washed  in  boiliugcimlBf  hefare  it 
■.  is-pu're.  ■'■.■•  •.••.■  .iv?  an  ^mj 

This  muriate  of  potash  comes  Iron  «  iaudl-c\utf  4iL 
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which  remains  combined  with  the  iridium  and  titanium  after  ti 
ing  ihe  black  potvdci'  with  nitre,  aitd  which  washing  with  waterli 
not  been  able  to  separate. 

§  X.  S-nperimcnls  on  Ike  Black  Powder  ohlidned  ly  JVaihingJroi 
tht  Residue  of  Platinum.  ^  . 

If  wc  agitate  in  water  the  insoluble  residue  of  platinum  treated 
tvilh  nitro- muriatic  acid,  and  deeant  uFF  the  liquid  after  an  interval 
of  a  few  seconds,  we  obtain  by  deposition  frum  the  liquid  a  bril- 
liani  black  substance,  aoft  tu  the  touch,  and  staiaing  paper  lihe 
plumbago. 

By  repeating  this  process  a  great  number  of  times,  wc  deprive 
the  residue  almost  entirely  of  this  substance.  What  then  r«hiains 
'  is  a  brown  coarse  sand,  harsh  to  the  feci,  und  which  does  iiot.uaia 
,  ^Bpcr.  It  is  almost  entirely  composed  of  cbromate  of  i.-ony  oxide 
of  titaoium,  quarrz,  and  siill  retains  a  little  of  ihe  brilliant  matter; 
for  it  is  easy'  to  see  tliat  by  this  mechanical  method  we  cannot  cani- 
pletely  separate  the  elements  which  compose  the  residue  of  pla- 
tinum. Accoidingly  in  the  biiibant  powder  there  is  still  a  aiuall 
quantity  of  chromate  of  iron,  quartz,  and  oxide  of  titanium  in  the 
state  of  a  finer  powder,  ,     i , 

1  have  already  given  the  analysis  of  the  coarse  portion,  and  mean 
}iere  to  speak  of  the  lightest  and  most  hiilliant  part. 

1  treated  20  grammes  of  this  powder  in  a  porcelain  retort  with 
40  grammes  of  nitre,  in  the  way  already  described. 

The  water  through  which  the  gas  was  made  to  pass  gave  t 
strong  smell  of  osmium. 

The  washings  of  the  matter  thus  treated  showed  other  property 
than  those  which  we  observed  in  the  other  powder.  Instead  erf 
being  yellowish-green,  they  were  violet-red. 

When  the  alkali  was  saturated  with  nitric  acid,  a  reddish-brown 
preciphale  fell,  and  the  liquid,  after  the  separation  of  (his  pieci- 
pitate,  was  reddish -purple,  instead  of  being  yellow,  as  was  the  case 
with  the  coaise  powder, 

I  distilled  this  liquid  in  order  to  separate  from  it  the  osmium,  flf 
which  it  contained  a  great  deal.     The  residue  of  the  distillation 
contained  no  sensible  quantity  of  chiomic  acid,  while  the  course 
powder  furnished  this  acid  in  this  solution  alone.     This  shows  that    ' 
by  the  washing  the  chromate  of  iron  was  almost  completely  Fenxo 
moved.  ,,.  t 

Examination  of  llie  Precipitate  formed  in  the  Alkaline  Liejuid  fw,  ' 
Nilric  Acid. 


>rt  wit!^^^ 
jpertRi^^^ 


This  precipitate,  being  washed,  and  put  into  muriatic  add  wliilo.r 
still  moist,  dissolved  entirely,  communicating  a  very  strung  smell  (mE|  )' 
osmium.  By  distilling  the  liquid,  I  obtained  a  consideiuiile  qu^or-  i 
tity  of  this  metal,  :  i 

This  seems  to  prove  that  the  osmium  niuy  be  dissolved  by  the„j, 
alkali  ia  a  state  of  oxidation  tUSerent  from  that  in  which  it  i     '  ' " 


issolubtoi^^ 
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in  water;  for  the  matter  from  which  it  was  extracted*  had  been-* 
sufficiently  washed.  It  is  possible,  indeed,  that  this  oxide  nay- 
form  with  the  other  matters  contained  in  the  precipitate -a*  combr« ' 
satiou  which  renders  it  insoluble  in  water. 

After  having  separated  the  osmium,  I  poured 'into  the  concen- 
trated liquid  sal-ammoniac,  to  form  ammoniaco*-muriate  of  iridium^ 
which  precipitated  in  the  state  of  a  black  powder.  Tbe  liquid^ 
being  evaporated  to  dryness,  and  the  residue  digested  in  water,  I  > 
obtained  a  small  additional  quantity  of  tlie  same  ^It  mixed  witli^. 
silica.  The  solution  had  then  a  fine  green  colour  of  chromium, 
which  neither  sulphate  of  iron  nor  sulphureted  hydrogen  destroyed* 
It  could  not,  therefore,  be  ascribed  to  iridium. 

To  discover  what  substance  produced  that  colour,  I  poured 
ammonia  into  the  solution,  which  threw  down  a  brownidi^  green 
precipitate,  and  the  liquid,  though  containing  an  excess  of  alkali^ 
was  colourless.  • :  • 

This  precipitate,  when  fused  with  borax,  communicated  to  it  « 
fine  green  colour.     When  heated  with  potash,  the  roiscture, -beiog' 
washed,  gave  a  yellow  liquid,  possessing  the  properties  of  ohromate 
of  potash,  and  a  little  oxide  of  iron  remained  behind.  *'      '-. 

Hence  the  precipitate  is  composed  of 

1.  Oxide  of  iridium* 

2.  osmium. 

3.  chromium, 

4.  iron. 

5.  Silica. 

The  second  watdr  which  I  poured  on  the  black  powder  treated  b^ 
nitre  did  not  become  clear  like  the  first.  It  was  of  a  milky-^greea 
colour.  Nitric  acid  poured  into  this  liquid  formed  a  precipitate  in 
it,  as  in  the  first  water;  but  it  was  more  flocculent,  and  crfa 
blackish-green  colour.  It  was  composed  of  oxide  of  iridium,  silica^ 
and  titanium. 

Water  producing  no  more  effect,  I  put  upon  the  matter  a  email 
quantity  of  weak  muriatic  acid.     It  acquired  no  colour,  but  sepa* 
rated  a  light  flocky  substance,  very  distinct  firom  the  powder  itself,  ^ 
which,  falling  quickly  to  the  bottom  in  consequence  of  its  weigfat^^ 
enabled  me  easily  to  separate  the  fiocky  part.    It  was  composed  of 
oxide  of  iridium,  silica  in  great  abundance,  titanium,  and  iron.    i 

I  distilled  the  liquid  to  separate  the  osmium,  of  which  it  had  a  : 
strong  smell.  I  poured,  for  the  second  time,  upon  the  powder,  a 
considerable  quantity  of  diluted  muriatic  acid.  The  iiicid  assuiAed^ 
a  violet  colour,  which  it  would  have  been  difficult  to  have  distin^ 
guished  by  the  eye  from  a  strong  infusion  of  the  flowersof  >VioletsJ 
TIms  second  portion  of  acid  was  succeeded  by  a  third  portion  otxxxk^  : 
ccntrated  acid,  which  remained  upon  tlie  matter  forbid  hoars. .       r 

The  acid  had  a  very  deep  and  pure  blue  colou  'niiotwijth**  i 

standing  its  great  quantity^  and  its  concenMtia  vsmatter 

was  not  dissolved.    '         »  .   . '.'Jiibi  r.  cv  \  .* 


I 

I 
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I  observed  that  at  the  moment  I  pourui  the  conceatrated  muriatic 
acid  upon  the  powder  nn  efTervcsceuce  was  produced,  accompaiH^ 
by  a  kind  of  uoise,  and  ilint  the  mUlure  exhaled  very  diatiucllj  i^ 
odour  of  nxy muriatic  acid,  i  ,  ^„ 

When  the  muriatic  aeid  liad  no  further  action  un  llie  V^f^ 
powder,  1  boiled  it  for  a  long  time  in  a  great  quantity  of  fl^to- 
muriatic  acid  :  that  solution  took  place,  was  announced  by  the  yvf 
deep  eolour  which  the  liquid  assumed.  , , 

The  residue,  being  now  washed  and  dried,  weighed  on,lji,3;|I 
grammes,  1  fused  it  wiib  twice  its  weight  of  potash  ip  a  siJvjEI 
crucible. 

The  mass  being  dissolved  in  hot  water  communicated  to  It  a  fine 
blue  colour.  The  undi^olved  portion  was  treated  with  ipuHaiic 
acid,  which  dissipated  a  part  of  it,  aud  assumed  liltewise  ablup 
colour  with  a  tint  of  violet.  ,_ 

By  repeated  treatments  with  potash  and  muriatic  acid  the  wj^lj; 
of  the  black  matter  was.at  last  dissolved.  ,  , ,  ^ ' 

I  mixed  together  all  the  alkaline  solutions,  and  after  iiSRlllE 
saturated  them  with  muriatic  aeid,  1  evaporated,  in  order  tq  obtain 
by  crystal  lizaCioQ  the  muriate  of  iridium -and -potash. 

1  mixed  together  likewise  all  the  acid  solutions,  concentrated 
them,  and  when  they  yielded  no  more  muriate  of  iridiuoi-and- 
potash,  J  added  ammonia,  in  order  to  convert  the  muriate  of  iri- 
dium, still  held  in  solution,  into  a m mo niii co-muriate  of  iridium. 

We  see  by  the  above  statement,  that  tlie  black  powder  obtained 
.by  repeated  washings  from  the  insoluble  residue  of  crude. pla- 
tinum, is  composed  of  a  great  quantity  of  iridium  and  osmiufai ; 
tluit  It  scarcely  contains  any  chromium,  and  much  less  titanium 
and  iron,  than  the  black  powder  which  we  subjected  to  the  Gist 
analysis. 

PAKT   SKCOND. 

5  I.  Properlies  of  Indium. 

The  name  iridium,  given  to  this  metal  l>y  Mr.  Temjazil,  is 
<  derived  from  the  various  colours  wtiich  it  presents  in  its  soluilinu, 
and  which  M.  Fourcroy  and  I  Jii-si  made  known. 

But  in  tiie  metallic  state  the  colour  of  iridium  is  greyish -white, 
nearly  like  tliat  of  platinum.  It  appears  to  be  brittle,  and  coose- 
qucmly  hard. 

i  caDnot  give  its  jpeclfic  gravity,  because  I  have  not  yet  been 
able  to  melt  it  completely. 

It  i«  not  attacked  by  the  simple  acid^,  and  only  with  great  diSi- 
culty  by  the  most  concentrated  nitro- muriatic  acid. 

Potash  Mid  nitre  convert  it  into  an  oxide  and  then  combioe  with 
it.  A  black  powder  is  produced,  which,  being  pot  into  water, 
coinuiwiieBtes  to  it  a  iine  l>luc  colour.  It  is  a  portion  of  the  metal 
diasolved  In  the  excess  of  alkali  which  produces  this,  colour^  Jiijt 
I  tbeipiKtioa  insoluble  in  water  ie  still  a  comliitintioa  nf  the  |^Ud 
■"ilJj  alkali;  for  It  is  soluble  in  muriatic  acid,  to  which  it,  f ' —  ~ 
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1)Iae  colour,  and  its  solution  fumtshft^  by  eviiiKmtidf)^^  Uack 
salt,  which  is  a  muriate  of  iridiutn-and-potash.  Somethnes  the 
alkaline  solution  of  iridium  is  purple,  because  a  potion  t)f  the 
metal  has  passed  to  a  red  colour,  ana  has  dissolved  in  the  alkali  at 
the  same  time  with  the  blue  portion. 

'  Thus  the  fixed  alkalies  have  a  greater  action  on  this  metaf  than 
the  strongest  acids.  ,  .   ' 

It  is  doubtful  whether  we  can  obtain  a  blue  solution  of  iridium 
in  the  acids  without  the  assistance  of  potash ;  for  to  dissolve  it  we 
must  in  that  case  employ  boiling  nitro-muriatic  acid,  and  then  we 
constantly  obtain  a  red  solution. 

The  red  muriatic  solution  of  iridium,  sufficiently  concentrated, 
islentirely  converted  by  means  of  ammonia,  in  a  triple  salt  of  a 
purple  colour  so  deep,  that  it  appears  black  like  charcoal  powder. 
.  If  into  50  parts  of  the  solution  of  pure  platinum  we  port  one 
part  of  concentrated  muriate  of  iridium,  and  afterwards  add  sal 
ammoniac,  we  obtain  a  brick-red  precipitate,  instead  of  the  lemon* 
yellow  precipitate  which  pure  platinum  gives. 

There  can  be  no  doubt  then  that  it  is  iridium,  as  we  have  before 
remarked,  which  gives  a  red  colour,  sometimes  very  intense,  to 
the  ammoniaco-rouriate  of  platinum,  obtained  irom  the  last 
portions  of  crude  platinum. 

Tlie  ammoniaco-muriate  of  iridium  crystallized  and  well  dried, 
being  exposed  to  heat  in  a  distilling  vessel,  gives  out  azotic  gas, 
muriatic  acid,  sal  ammoniac,  and  leaves  for  residue  45  per  Cent, 
of  its  weight  of  pure  metal.  The  azotic  gas,  which  comes  over, 
shows  that  part  of  the  ammonia  is  decomposed. 
•  Tliis  salt  is  very  little  soluble  in  cold  water.  At  the  tempe- 
rature of  57°,  20  parts  of  water  are  I'equired  to  dissolve  one  part  of 
ammonio-muriate  of  iridium. 

The  solution  of  the  salt  has  an  orange-red  colour,  very  intense, 
considerinp;  the  small  quantity  of  salt  which  it  contains. 

Five  centigrammes  (0'772  grain)  were  sufficient  to  give  a  very 
distinct  colour  to  two  litres  (122*056  ciibic  inches)  of  wftter^ 
Hence  it  follows,  that  one  part  is  capable  of  colouring  40,000 
parts  of  water  •.  a  property  which  is  extraordinary  ftn*  a  metallic 
salt.  The  muriate  of  rhodium,  which  possesses  this  colour  in  a 
high  degree,  is,  notwithstanding,  four  times  less  colouring  than 
the  muriate  of  iridium. 

Ammonia  discolours  the  solution  of  this  salt  in  a  few  minutes, 
without,  however,  producing  a  precipitate  in  it. 

The  green  sulphate  of  iron  discolours  it  instantly,  and  renders 
it  white  like  water. 

Sulphurcted  hydrogen,  iron,  zinc,  and  tin  in  the  metallic  state, 
produce  the  same  effect  as  the  sulphate  of  iron  j  but  if  oxymuriatic 
&cid  be  put  into  tlie  liquids  thus  discoloured,  they  imroedilitely 
assume  their  natural  colour.  ■'-  v*-'-'-*  :... 

When  we  heat  the  ammoniaco-mumffcflil  m  "by  m^ns  of 

the  blo.w  pipe,  upon  charcoal,  it  burns' WiW'  '  fkum  *sv4:  % 
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kind  of  fitlgiiration,     Ic  Jea»-es  a  porous  meialiic  mass  of  a  'grey 
colour,  but   whit'li  as^iiines  u  white  colour,  and  a  strong  iusirr, 
when  rulibed   Jjeiween   iwo  hard   bo<li«a,     This  colour  and  lustre 
MroQgljr  I'csembie  ihoee  of  platinum. 

Wc  have  seen  by  what  has  been  said,  that  iridium,  according  to 
.the  stBte  of  its  oxidation,  gives,  when  it  combines  witli  muriatic 
.acid,  a  yellowish  red  colour. 

:  X  havi;  endeavoured  to  ascertain  if  these  two  colouts  were  due  to 
two  states  of  oxidation,  as  we  thought  before,  and,  in  that  case, 
vhicb  of  the  two  contains  most  oxygen.  The  experiments  which 
1  have  made  leave  me  in  my  former  opinion;  but  liiey  only  furnish 
probabilities  rcispeeting  the  quantity  of  oxygen  existing  ia  these 
oxides^ 

All  the  information  they  have  given  is ;  1 .  That  we  cannot 
«btaia<ibe  blue  solution  of  iridium  in  acids,  without  hsving 
first  treated  this  metal  with  potash  or  nitre.  '2.  That  thCWe  bloe 
solutions  become  yellowish  red  when  long  boiled  ;  and,  as  the 
change  takes  place  gradually.  We  can  perceive,  if  we  pay  attention 
to  it,  the  shade  becoming  first  green,  then  violet  jiurple,  and 
finally  yellowish  red.  ^;  That  the  blue  solutions  are  not  preeipi- 
lated  in  the  state  of  triple  salts  by  the  alkalies,  either  fixed  or 
volatile,  i.  That  the  blue  solutions  become  red  when  sufficietrtly 
diluted;  but  still  are  not  precipitated  by  the  alkalies,  and  when 
sufficiently  concentrated,  give  a  black  triple  salt,  soluble  in  twenty 
l«irts  of  water.  There  is  then  a  difterence  in  the  state  of  the  iii' 
diuni  iu  these  solutions,  since  the  one  forms  triple  salts  but  little 
soluble,  and  the  other  salts  whicli  are  very  soluble. 
.  If  the  blue  and  red  solutions  be  equally  discoloured  by  the  COra- 
bostibie  bodies  of  which  we  have  spoken  above,  osymuriatic  acid 
restores  to  each  of  them  its  primitive  colour ;  but  if,  after  restOTJng 
the  blue  colour,  we  add  a  new  quantity  of  osymuriatic  acid,  that 
colour  passes  into  a  purple  red.  '' 

'  If  we  suppose  that  these  two  solutions  are  reduced  to  the  sH^ 
^ate  of  oxidation  by  the  comliustible  substances,  the  sulphate-rf 
ifOD  fo;  example,  we  must  sec  it,  %vhcn  we  mix  widi  it  oxymurian^ 
acid,  pass  through  the  same  shades  to  arrive  at  the  maximum, 
which  does  not  happen.  The  blue  becomes  blue  without  inter- 
mediate shade,  and  the  red  becomes  immediately  red  without  pass- 
ing through  blue.  The  purple  red  colour,  which  oxymurtatic  acid 
in  excess  gives  to  the  blue  liquid,  does  not  appear  to  change -the 
state  of  the  oxidation  of  the  metal ;  for  it  is  sufficient  to  leave  this 
solution  for  some  lime  in  the  air,  to  enable  it  to  resume  its  blue 
colour,  in  proportion  as  the  oxymuriatic  acid  exhales.  Thus, 
thougli  there  is  an  obvious  dilVerence  between  the  oxide  of  iridiutrt 
inihe  blue  aud  in  the  red  solutions,  1  am  obliged  to  acknowledge 
my  ignorance  ef  the  relative  quantity  of  oxygen  in  each.  I  pre- 
sume, merely,  that  the  red  contains  more  oxygen  than  the  blue. 
'.  W>e  have  said  above  that  tlie  blue  solution  of  iridium  is  not  prc- 
ei/ntated^by  alkalies.     This  is  true  when  the  solution  is  ptiK}ta^H 
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if  it  contaio  either  iron,  or  titanium,  or  silica,  or  atumioa,  tlie 
blue  oxide  precipitates  io  a  proportion  relative  to  that  of  the  sub- 
stance which  is  the  determining  cause  of  the  precipitation. 

If  it  is  oxide  of  iron  or  of  titanium  which  is  mixed  with  the 
solution  of  iridiun),  the  precipitate  formed  by  the  alkalies  is 
green ;  but  if  it  is  merely  silica  or  alumina,  the  precipitate  is  blue, 
with  a  shade  of  violet.  That  which  is  obtained  by  barytes  is 
green.  There  can  be  no  doubt  that  the  precipitation  is  brought 
about  by  the  action  of  these  bodies  on  the  oxide  of  iridium,  I'he. 
ibllowLog  experiment  seems  to  me  very  good,  as  a  demonstration  of 
this.  .  I  mixed  with  a  blue  solution  of  iridium  a  small  quantity  of 
sulphate  of  alumina,  and  then  added  an  excess  of  ammonia.  A 
deep  coloured  precipitate  fell ;  but  the  liquid  continued  still  more 
intensely  coloured.  The  addition  of  a  greater  quantity  of  sulphate 
oi  alumina  entirely  discoloured  it.  These  precipitates  of  alumina 
and  oxide  of  iridium  cannot  be  deprived  of  their  colour  by  repeated 
washings  in  boiling  water. 

This  great  affinity  of  alumina  for  blue  oxide  of  iridium,  and  the 
▼iolet  blue  colour  of  the  compound,  gave  me  a  strong  suspicion 
that  iridium  is  the  colouring  matter  of  the  Oriental  sapphire.  This 
metal  might  have  escaped  so  much  the  more  easily  from  the  che- 
paists  who  analyzed  that  stone,  as  not  more  than  a  thousandth  part  of 
it  would  be  wanting  to  form  the  deepest  shade  known  in  the  sap- 
phire.- If  this  substance  were  common,  it  would  perhaps  be  pos- 
sible to  make  a  beauiful  blue  colour  of  it  for  painters. 

Oxy muriatic  acid  decomposes  ammoniaco-muriate  of  iridium. 
We  have  only  to  pass  the  acid  gas  into  a  vessel  containing  the  salt 
mixed  with  water.  The  salt  disappears,  and  a  gas  is  disengaged  ia 
bubbles,  in  pro))ortion  as  the  solution  takes  place.  When  the 
solution  is  complete,  and  when  no  more  gas  is  given  out  even  by 
the  assistance  of  heat,  ammonia  is  no  longer  found  in  the  solution. 
At  least  no  triple  salt  is  obtained  by  condensing  the  liquid,  and  no 
ammonia  is  disengaged  when  the  liquid  is  mixed  with  potash  und 
distilled.  We  obtain  merely  a  triple  salt  of  iridium  and  potash. 
We  may  thed  by  this  operation  obtain  pure  muriate  of  iridium.  It 
has  a  yellowish  red  cdour. 

Muriate  of  Iridium  and  Potash. 

Tliis  salt  is  always  formed  when  a  solution  of  muriate  of  potash 
is  mixed  with  a  solution  of  iridium ;  or  when  after  exposing  a 
mixture  of  iridium  and  potash  to  a  red  heat,  the  compound  is  diS'* 
solved  in  muriatic  acid.  .  '. 

This  salt  has  a  purple  colour  so  intense,  that  it  appears  black'; 
but  we  may  satisfy  ourselves  that  it  is  really  purple,  by  rubbing  it 
upon  a  sheet  of  white  paper.  Though  this  salt,  which  is  very 
little  soluble  in  water,  gives  but:«T«rv  small  crystals,  yet  I  hav« 
ascertained  tliat  they  have  a  very^ll  ^iohedral  shape. 

A  hundred  parts  of  these  crjutf*  mb  exposed  to  41  red 

beatj  d^crepitaied^  and  were  icdtt  ^IThe^  bid  tkv^ 
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form  of  a  Mack  powder;,  but  it  was  not  purt  iiidiuni*  It  WM 
mixed  with  a  oertaia  qoaotity  of  muriate  of  potash,  at  was  elmiMi 
from  the  taate. 

"  This  residue,  being  repe/itedly  washed  with  hot  water,  and  dricd^ 
was  reduced  to  37  parla. 

If  we  were  certain  that  no  muriate  of  potash  was  dissipated 
during  the  calcination,  we  should  have  frotn  the  preceding  eatpe^ 
fiment  two  eUments  of  the  salt;  namely,  the-  nnetal  and  aha 
muriate  of  potash.  This  metal  would  be  to  the  muriate  of  poiasb 
as  37  :  13,  or  as  S:  1.  It  would  be  only  necessary  after  this  I  to 
blow  the  quantity  of  water  and  muriatic  acid  which  were  -.  diaciM 
gaged  during  the  process  to  know  that  of  the  oxygen*  ; « 

§  II.  Sulphuratwn  of  Iridium.  .  ^ 

.  A  hundred  parts  of  the  ammoniaco?muriate  of  iridium^  mixei^ 
with  as  much  sulphur,  and  gradually  iieated  to  redness  in)a  rtK 
tort,  furnished  60  parts  of  a  black  agglutinated  powder,  whieh, 
l^urnt,  when  heated,  like  the  metallic  sulphurets.  .; 

We  have  seen  above  that  100  of  this  salt  furnish  from  42  to^4S^ 
of  metal.  They  would  then  have  absorbed  15  of  sulj^uc,  Htp^ 
posing  the  last  result  the  most  accurate.  But  it  is  evident,  thatjf 
45  absorb  15,  100  will  absorb  S3-3. 

Mr.  Tennaut  says,  that  he  could  not  unite  sulphur  to  iridittm* 
Probably  because  he  attempted. the  direct  combination ;  but>  the 
case  is  different  when  we  employ  its  triple  ammoniacal  salt* 

§  III.  Alloys  of  Iridium  with  some  olher  Metals. 

Lead  and  Ir'uiium. — Eight  parts  of  lead  and  one  part  of  iridium, 
heated  on  charcoal  by  means  of  the  blow  pipe,  united  as  soon  as 
the  lead  became  white  hot.  •   . 

The  ductility  of  the  lead  was  not  destroyed  by  this  quantity  of 
iridium ;  but  its  hardness  and  whiteness  had  l^een  very  sensibly 
increased.  This  alloy  is  attacked  by  nitric  acid,  which  dissolves 
the  lead,  and  leaves  the  iridium  in  the  state  of  a  black  powder^      ^ 

Copper  and  Iridium, — Four  parts  of  copper  and  one  of.  iridium 
united  as. soon  as  the  copper  was  white  hot.  The  alloy  is  ductile  ( 
but  much  harder  than  pure  copper.  The  colour  is  pale  red,  ap-^ 
pearing  white  under  the  file.  It  was  acted  on  by  nitric  acid  in  the 
same  way  as  the  alloy  of  iridium  and  lead.  The  copper  dissolvedf^ 
and  the  iridium  remained ;  yet  the  acid  appeared  to  have  dissolved 
some  particles  of  it,  as  the  colour  of  the  solution,  instead  .of  beings 
blue,  was  green. 

Tin  and  Iridium, — Four  parts  of  tin  and  one  of  iridium  give  a 
dull  white  alloy,  easily  crystallized,  hard,  but  mHlleable.  The 
iridium  does  not  combine  with  the  tin  till  the  latter  is  white  hot. 
<  SUt^  and  Iridium. — Two  parts  of  fine  silver  and  one  of  iridium, 
heated  like  the  others  before  the  blow  pipe,  did  not  unite  com* 
p^tdy,  prf^bablv  because  tliere  was  too  great  aquantity  of  iridiiMn* 

I  endeavoured  to  briof  about  the  eoinbination,  by  meaas  of  xh% 
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Uow  pipe  with  oxygen  gas.    This  enabled  me  to  obsei^re^i  very 
interesting  phenomenon,  the  volatilization  of  the  silver. 

There  rose  during  the  operation  a  very  copious  yellowish  white 
fame^  and  tlie  flame  from  the  charcoal  formed  a  cone,  the  base  of 
which  was  coloured  yellow,  the  middle  purple,  and  the  summit 
blue.  In  a  short  time  nothing  but  the  pure  iridium  remained  upon 
the  charooaK 

This  phenomenon,  of  which  I  had  not  before  seen  so  retnarkahle 
mn  example,  led  me  to  wish  to  subject  silver  alone  to  the  same  trial. 

I  therefore  placed  four  grains  of  this  metal  in  a  hole  dug  in 
charcoal,  and  heating  by  means  of  a  current  of  oxygen  gas,  in  less 
than  a  minute  the  whole  was  dissipated.  During  this  0|)eration,  a 
portion  of  the  smoke  exhaled  was  collected  in  a  glass  vessel  reversed 
above  it.  It  formed  a  yellowish  brown  crusty  which  dissolved  in  a 
great  measure  in  weak  and  cold  nitric  acid.  This  nitric  acid  was 
then  abundantly  precipitated  by  a  solution  of  common  salt.  *  The 
greatest  part  of  the  silver  bums  when  thus  volatilized.  At  least 
the  yellow  colour  of  the  flame,  that  of  the  condensed  fumes^  and 
their  dissolving  cold  in  dilute  nitric  acid,  seems  to  prove  it. 

Chemists,  assayers,  and  founders  know  that  silver  is  volatile; 
but  I  am  persuaded  that  they  are  far  from  thinking  that  it  possesses 
this  property  in  so  great  a  degree.  This  oUght  to  be  attended  to  by 
all  who  refine  and  melt  silver. 

'  The  malleability  of  all  the  alloys  of  iridium  leads  to  the  idea 
that  this  metal  would  not  be  brittle  if  its  parts  could  be  united  by 
fusion,  or  at  least  that  certain  brittle  metals  do  not  much  diminish 
the  malleability  of  those  with  which  they  are  capable  of  uniting. 
Certainly  tin  united  to  copper  in  the  same  proportion  as  the  iridium 
pcoduces  a  great  change  on  its  properties.* 

Mr.  Tennant  has  remarked,  that  iridium  does  not  change  the 
colour  nor  the  malleability  of  gold  and  silver,  and  that  it  was  not 
possible  to  separate  it  from  these  bodies  by  the  ordinary  methods^ 
This  might  easily  have  been  seen  beforehand,  in  consequence  of 
the  properties  which  it  possesses. 

The  specific  characters  of  iridium  are  then  :  1 .  A  greyish  white 
oolour.  2.  Very  difficult  to  fuse.  S.  It  forms  blue,  purple,  yel* 
lowbh  red  solutions  in  acids  and  alkalies,  according  to  the  state  of 
its  oxidation.  4.  It  is  not  acted  upon  by  the  ordinary  acids,  and 
even  very  little  by  nitro-muriatic  acid.  5.  It  forms  triple  salts  of 
a  black  colour,  and  very  little  soluble  with  potash  and  ammonisj 
when  in  solution  in  acids  in  the  state  of  red  oxide. 

THIRD   PART. 

$  I.  Properties  of  Osmium, 
Osmium  has  received  its  imim  iMM»  the  strong  smeil  which  itr 

•  ffioce  the  rcadlas  off  thii  paj^'-fcaVfiJf  JMtfMWIia  faiiiy  a  Mrtain  qosa* 
tHjof  iridiwQi  IhafefimaAlhiiilfMMtffS  ^      -  ^-    . 

Vol.  VI.  N^  Vh  2  F 


I 


I 


0/1  Jridhim  and  Osmium.  E^^^l 

^'6^id6  i*xhaT«s ;  A  property  wliicli  Fourcroy  and  I  made  koowa  Id 
February  1804. 

This  metal  bcitig  Tolatlle,  or  rather  osidating  very  easily  at  a 
low  temperature,  it  has  nut  been  pos-sible  to  fuse  it,  and,  coQGe- 

*  quently,  to  know  its  colour  and  its  specific  gravity. 

*  As  to  its  colour,  if  we  can  judge  from  some  ajjpearances,  I  con- 
Iceive  tliat  it  is  blue.  The  following  are  these  appearances.  The 
'  JDstant  that  osmium  is  precipiiated  by  zine  from  i(s  solulioD,  the 
^  liquid  assumes  a  purple  tint,  which  becomes  soon  lite  finest  blue. 
^'tThifi  blue  mutter  at  lest  separates  from  the   li<}uid,  and  precipitfties 

in  a  powder  which  appears  black. 
i^i    When  we  heat  osmium  thus  precipitated  from  zinc,  and  washed 
^■onA  dried,  we  obtain,  as  we  shall  see  hereafter,  white  oxide,  whieh 
'4s  Volatilized  inlo  the  neck  of  the  retort,  where  it  crystallizes; 

then  a  light  crust  of  matter,  which  is  blue  by  reflected  l^ht,  and 

*  gfccn  by  refracted.  The  portion  not  volatilized  ajipears  black. 
^  ¥ct  it  is  possible  that  the  blue  colour  does  not  belong  to  the  metal 
~  itself,  but  to  a  suboxide. 

Osmium,  which  has  been  heated  in  s  retort,  takes,  when  rubbed 

-  against  a  hard  and  polished  body,  a  surface  of  a  copper-red,  lilte 

-  indigo  rubbed. 

J  As  we  have  not  been  able  to  obtain  osmium  hitherto,  escept  in  a 
fine  powder,  it  appears  to  us  light ;  but  if  it  could   be  meked,  it 

-  would  perhaps  be  as  heavy  as  some  of  the  metals  known  befiKC  it. 

t  We  have  no  experiments  which  show  that  osmium  is  volatile ; 
-fcecanse  the  little  of  it  which  we  have  hitherto  possessed  has  only 
---enabled  us  to  heat  it  in  glass  vessels  not  capable  of  bearing  much  heat 
rWithout  melting.  But  it  is  probable  that  in  a  higher  temperature 
it  would  be  volatile ;  for  we  have  not  hitherto  any  examples  of 

-  metals  furnishing  volatile  oxides  which  are  not  volatile  themselves, 
-^'ho  blue  sublimate  which  forms  in  the  upper  part  of  vessels  in 
which  osmium  is  heated,  strengthens  this  ]»ubability. 

Wlien  we  heat  osmium  in  contact  of  air,  it  soon   disappears 

entirely;  but  wc  ought  not  to  consider  this  phenomenon  as  a  simple 
•"-vOlafnizatjon  of  the  metal.  It  is  a  true  combustion,  easily  distin- 
if-gttished  by  the  suflbcaiing  odour  of  oKide  of  osmium  dilfiiscd  in 
Vriie-air. 

^~  (  e:<posed  to  heat  a  gramme  of  osmium  in  a  luted  retort,  the 
'^iipacity  of  which  was  about  12  cubic  inches,  and  which  termiOKlcd 
■in  a  tabe  plunged  into  water,  in  order  to  collect  the  vapours  which 
*-ehjiHld  iidt  cBiidanse, 

The  bottom  of  the  retort  was  not  red-hot,  before  very  beaul&it 

white  brilliant  .crystals  were  de]K)sitcd  in  the  neck  of  the  vessel. 

Some  time  after,  and  tn  -proporiion  as  the  heat  increased,  a  blue 
v^ertHt;  was  deposited  on  the  upper  part  of  the  retort. 
- '*  ■  The  formation  of  these  matters,  and  especiallyof  the  first,  egon 
■  rcpnsed",  because  the  cantsct  of  air  tvns  necessary  for  it,  whidi  ^ona 
tM)8(l-.in^^9nuiltar\'e!eel.     The  apparatus  being  cold,:  tbe;iieck.j^f 

the  retort  was  cut  near  the  wlute  orysials,  in  order  to  collect  thajk 
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more  readily^.  The  air  of  the  retort  was  so  impregnated  with .  the 
vapour  of  this  metal  that  it  almost  suflTocated  me. 
'  The  crystals  themselves  had  an  odour  so  strong/  that  it  9t§s  im- 
possible to  breathe  near  them  without  a  feeling  of  pain.    % 

The  osmium  which  had  not  been  volatilized  gave  out  lilcjswiAe  n 
very  striking  odour;  but  I  suppoae  that  it  owed  this  property  tp  n 
portion  of  the  dr  impreje;natea  with  oxide,  which  it.  had  imbibed 
during  the  cooling.  This  residue  only  weighed  0*35  granamej  and 
the  qoantity  of  osmium  sublimed  was  far  from  completing  tb# 
gramme  of  osmium  employed ;  because  a  portion  of  it  bad  paMajJ 
into  the  water  of  the  receiver,  being  carried  hither  Iqr  the  air* 

From  the  result  of  this  operation  it  appears  that  oxide  of  osmiuoi 
is  formed  only  in  proportion  to  the  quantity  of  air  in  contaot  with 
it.  This  is  conformable  to  what  we  know  of  the  oxidation  of  tbt 
other  metals. 

Yet  I  am  induced  to  believe  that  the  white  oxide  forn^  in  tUs 
case  is  not  entirely  owing  to  the  air  of  the  vessel^  for  it  i»  fonMd 
and  volatilized  at  a  temperature  so  low^  that  we  can  hardly  <q9|i* 
ceive  how  the  combination  should  take  place. 

I  am  rather  disposed  to  believe  that  the  osmium  as  it  is  precifiti' 
tated  by  zinc,  still  retains  a  small  quantity  of  oxygen^  which  when 
assisted  by  a  gentle  heat,  unites  itself  to  a  portion  of  the  metal 
and  renders  it  mote  volatile. 

The  following  observation  seems  to  confirm  this  idea.  When  the  ^ 
osmium  is  precipitated  from  its  solution  by  means  of  zinc,  atid 
washed  several  times  with  water,  even  acidulated  with  sulphufia 
acid,  it  exhales  no  odour,  as  long  as  it  is  cold ;  hut  if  it  be  ex^ 
posed  to  a  heat  of  from  1^7^  to  104^,  it  exhales  the  odour  during; 
some  time. 

But  the  strongest  proof  is,  that  osmium  which  has  furnished 
oxide  by  distillation,  does  not  furnish  any  more  at  the  same  tempe* 
rature,  although  the  same  quantity  of  air  be  present* 

§11.  Examination  of  the  Oxide  of  Osmium* 

This  oxide  is  white,  transparent,  and  very  brilliant ;  its  ta^ 
very  strong  and  caustic,  has  some  analogy  with  that  of  the  volatile 
oils,  and  particularly  with  that  of  oil  of  cloves.  Its  odour  is  equally 
insupportable.  It  is  more  fusible  than  wax  ;  flexible  like  it,  and 
exceedingly  volatile.  When  placed  in  contact  with  animal  or 
vegetable  bodies,  it  blackens  them,  especially  if  it1)e  moist.  It  Is 
verv  soluble  in  water,  and  the  solution  becoQjiet  blue  by  nutgalls 
and  many  other  vegetable  substances. 

§  III.  Action  of  Oxymwiatic  Add* 

Into  a  flagon  containing  about  half  a  litre  (30*5  cubic  inches) 
Into  which  I  had  put  a  gramme  of  osmium,  I  passed  oxymuriatie 
acid  gas,  the  surfrios  of  which  was  received  in  a  sglutim  Qf  potash. 
Soon  after  the  osmium  came  in  contact  wilh  tiif  j  Mt4 
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to  melt,  assuming  a  very  beautiful  and  intenEe  green  colour.  Al 
last  it  dissolved  entirely,  and  founed  a  small  quantity  of  a  brown- 
Jsh-red  liquid.  The  Bolution  of  potash  assumed  a  yellow  colour^ 
and  an  odour  of  osmium  mixed  with  that  of  oxymuriatk  acid. 

When  I  opened  the  flagon  containing  the  solution  of  which  I 
)iave  just  spoken,  there  issued  out  a  dense  white  vapour,  baviog  an 
insupportable  odour  of  osmium  and  osymunatic  acid.  To  be  aUe 
to  separate  this  liquid  from  ihe  ftagon  without  losing  much  of  it,  I 
nixed  it  with  a  quantity  of  water,  and  subjected  it  to  the  following 
experiments. 

1.  A  drop  01  two  of  this  solution  let  fall  into  a  glass  of  water, 
IBSumed  a  very  deep  blue  colour  on  adding  infusion  of  nutgalla. 

2.  When  a  plate  of  zinc  was  put  into  the  solution,  it  soon  passed 
to  blue,  and  black  flocks  precipitated. 

'  I  may  remark,  that  the  green  colour  analogous  to  that  of  osido 
'«f  chromium,  which  the  osmium  assumed  ai  the  instant  of  its  solu- 
tion, may  proceed  from  a  mixture  of  the  liquid,  which  is  reddish' 
jwllow,  with  a  portion  of  the  metal  which  I  suppose  to  be  blue. 
And,  in  fact,  in  proportion  as  the  solution  goes  on,  the  green 
colour  becomes  weaker  and  disappears  entirely,  to  give  place  to 
teddish -yellow,  i 

When  osmium  is  mixed  with  water,  in  order  to  be  dissolred  id 
^symuriatic  acid,  it  does  not  become  green ;  but  forms  at  oDoe  -.a 
yellowish-red  liquid. 

If  ammonia  he  put  Into  this  solution  till  the  add  is  saturated,'  a 
brown  precipitate  in  flocks  falls  down,  small  in  quantity,  and  the 
liquid  passes  to  a  pure  yellow,  preserving  the  odour  peculiar  to 
osmium. 

This  precipitate  consists  almost  entirely  of  iron,  coming  no  doubl 
from  the  zinc. 

Action  of  common  Muriatic  Acid  and  Osmium. 

Osmium  dissolves  in  muriatic  acid  when  assisted  by  a  gentle  heat. 
^lie  solution  begins  by  being  green ;  but  it  soon  becomes  reddish- 
yellow.  If  to  the  muriatic  acid  we  add  some  drops  of  nitric  acid, 
^e  solution  takes  place  more  readily,  so  tliat  we  scarcely  perceive 
ihe  transition  from  green  to  reddish -yellow. 

. .  During  these  solutions  a  great  deal  of  osmium  is  always  volati" 
lized,  even  when  tbey  are  made  without  the  assistance  of  heat,  as 
u  sliown  by  the  experiment  with  oxymurlailc  acid. 

At  the  request  of  Sir  H.  Davy,  1  endeavoured,  but  in  vain,  to 
unite  osmium  with  iodine.  When  the  mixture  of  the  two  bodiea 
was  heated  in  a  glass  tube,  the  iodine  separated  in  the  form  of 
violet  vapours,  which  attached  themselves  to  the  upper  parts  of  the 
tube,  while  the  osmium  remained  at  the  bottom  without  having 
kndergone  any  change.  i 

. ;  The  faeiiiiy  with  which  osmiun^  dissolves  in  acids,  is,  I  concewej': 
i^rtatfl  proof  that  in  crude  plitlinum  it  is  united  to  some  lutHlam^ 
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irhich  protects  it  from  the  action  of  thete  menstruiinu^  -  Thiarmb^ 
fltaiKse  can.only  be  iridium^  since  it  is  it  which  resists  solution  mott 
^obstinately.  r 

The  combination  oi^  the  oxide  of  osmium  with  the  alkalies,  dis^ 
solved  in  water,  has  a  yellow  colour. 

Though  the  oxide  of  osmium-  does  not  present .  acid  characten^ 
yetit  appears  that  it  combines  with, the  alkalies,  and  that  it  is  in 
some  measure  fixed  by  this  combination.  In  fact,  if  it  were  not 
so,  this  metal  would  escape  entirely  when  ^e  black  powder  i^ 
treated  in  crucibles  with  potash  or  nitre  at  a  red  heat. 
.  What  gives  a  certain  degree  of  force  to  this  opinion  is^  that  the 
addition  of  any  alkali  whatever  to  the  aqueous  solution  of  osmium 
very  much  diminishes  the  odour^  which  again  becomes  powerful, 
when  the  alkali  is  neutralized  by  an  acid. 

The  small  quantity  of  osmium  which  I  have  been  hitherto  able 
to  procure,  and  its  great  oxidability,  have  not  enabled  me  to  examine 
if  it  would  unite  with  sulphur,  phosphorus,  and  the  other  metab ; 
but  these  combinations  never  can  be  any  thing  else  than  mev^ 
objects  of  curiosity* 

The  characteristic  properties  of  osmium  are  to  oxidate  at  a  low 
heat,  and .  to  form  an  oxide  exceedmgly  volatile,  odorous,  and- 
fusible ;  crystallizable,  soluble  in  water ;  the  solution  of  which 
becomes  blue  by  the  infusu>n  of  nutgalb,  and  by  the  immersion  of 
a  plate  of  zinc :  finally,  the  property  of  forming  yellow  combimi'- 
ti6ns  with  the  alkalies. 
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Article  XII, 

Proceedings  of  Philosophical  Societies. 

BOYAL    SOCISTT. 

On  the  9th  of  November  the  Society  met  for  the  first  time  after 
die  long  vacation*  A  paper  by  Sir  H.  Davy  on  the  fiiv-damp  iu 
coal-mines  was  read.  The  author  had  been  invited  by  Dr.  Grey  ta 
examine  the  3ubject,  in  order  to  discover,  if  possible,  some  method 
of  preventing  tnose  explosions  which  of  late  yeais  have  proved  ao^ 
fatal  to  the  lives  of  the  colliers.  He  accordingly  visited,  several  <tf  > 
the  mines,  and  analyzed  the  pure  gas  collected  from  a  blower.  -  He 
states,  asMr.XicmgmireJiad  done  before  him  {Atmals  of.Phtia^: 
scphify  vi.  172),  that  thb  gas  b  extricated  from  the  crevices  of  tfaaf 
coab  \  and  \i^  foun4  that  when  a  large  piece  of  coal  was  broken  ta^ 

eieces  lender  water,  inflammable:  ffBs  was  given  out.    The  result  oi: 
b  analysis  of  the  gas  wtt».|  r  the  same  with  the  previouft^ 

result  obtained  by  Diu  Hnfap  a^««  >id&u  14d),^  that  it  wiai 

pure.carbocetBd  bydragao  ff^,  |Uir  tefbulk  of  osygM« 

l^as  to  consume  it,  and  {MUffly         \  "vtV^^Cv^^^v^^^?^^ 


I 


This  is  e^araeitristic  of  carbureted  hydroiren,  as  both  Mr  Dalton 
KBA  myself  have  aacenained.  He  found  the  specific  gravity  to  be 
0'639,  but  his  specimen  was  mixed  wiih  common  air.  I  baip 
fbown  the  true  specific  gravity  of  this  gas  to  be  0-555  (Werneiian 
Memoirs,  i.  50S). 

He  found  it  much  less  combu'tihle  than  other  combustible  gnses, 
JfOn  heated  to  wbitenefs  does  not  set  it  on  fire.  It  requires  bcIub! 
flame.  This  fatt  has  induced  him  to  propose  a  Inntcm  made  air- 
ticht,  with  a  hole  below  to  admit  air,  and  one  above  to  act  as  a 
chimney,  as  a  complete  security  against  the  explosion  of  tl(e  fir&-' 
damp  in  coal-mines.  He  found  that  when  a  mixture  of  common 
air  and  carbureted  hydrogen  gas,  in  such  proportions  as  to  e^tplode, 
it  let  up  into  such  a  lantern,  the  flame  Intreases,  so  as  nearly  to  fill 
the  lantern,  and  then  the  lamp  goes  out.  He  conceives  that  when-' 
ever  in  a  coal-mine  the  air  is  mixed  wiih  carbureted  hydrogen  to 
Ae  exploding  point,  that  such  lumps  would  go  out,  and  no  espto- 
eion  would  follow.  But  such  an  experinicnt  would  be  very  hazard- 
flos.  The  fact  is,  that  in  stich  a  case  the  gas  within  the  lantern 
^rns,  aod  of  course  extinguishes  the  lump;  hut  in  alt  probability 
tBe  gaseous  combustion  would  extend  itself  through  the  boles  in  the 
Itrrtiem,  which  arc  filled  with  gas  at  the  exploding  (Mini,  and  set 
fire  to  the  whole  mlxtm-e  in  the  mine.  This  would  certainly 
happen  sometimes,  if  not  always;  so  thiit  the  latuern  of  Dnvy 
would  furnish  no  certain  security  to  the  miners.  The  lamp  of  Dr. 
Clanny,  if  properly  improved,  is  a  much  safer  contrivance,  sad 
might  be  made  equally  cheap. 

I  ascertained  that  the  limits  of  the  explosion  of  this  gas  were  12 
volumes  of  air  and  one  of  gas,  and  six  volumes  of  air  and  one  of 
gas.  As  fpr  as  I  could  understand  Sir  H.  Davy's  experiments,  they 
led  nearly  to  the  same  result.  He  succeeded  in  exploding  a  mixture 
of  this  gas  and  common  air  by  electricity.  I  could  not  succeed  in 
this,  not  having,  it  seems,  hit  upon  the  exploding  proportions, 
though  I  tried  a  great  many  between  the  two  limits. 

Sir  H.  Davy  construcied  likewise  lanterns  with  valves  to  prevent 
the  escape  of  gas  from  the  lantern  when  it  explodes.  This  would 
Artainly  render  the  lantern  safe,  provided  it  can  be  constructed  so 
pB  to  allow  the  lamp  to  burn. 

On  Thursdiiy,  Nov.  IB,  an  appendix  to  Sir  Humphry  Davy's 
jJBper  was  read.  He  found  that  the  addition  of  ^th  of  carbonic 
»cld  or  of  azote  to  the  exploding  misinrE  of  fire-damp  and  air  pre- 
vented the  explosion. 

A  paper  by  Mr.  Daniel  on  Solutions  was  likewise  partly  read. 
When  an  amorphous  mass  of  alum  was  left  for  some  werks  in  water 
1*  assumed  a  pyramidal  form,  and  the  bwer  part  of  it  was  embosseil 
by  distinct  octahedral  crystals.  Borax  exhibited  a  similar  appe«r- 
jmce;  the  lower  part  was  embossed  with  rhumboidal  crystals.  Mr. 
Paniel  conceives  that  in  these  cases  the  cohesion  of  the  solid  re- 
ihted  unequally  the  solvent  power  of  the  liquid,  and  that  the  upper 
JW*  pf  'iie  Jiquid  acted  lnoTe  ipcwetltfii'j  vWu'Oafi.lo'ucc.     Hfl'^ 
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the  pyramidal  form,  and  hence  the  appearance  of  the  ciiystaUipe  ^ 
texture.  These  phenomena  were  observed  and  cfescribed  long  ago  » 
by  Le  Blanc j  but  he  ascribed. the  appearance  of  crystals  at  die -' 
under  part  of  tbe  body  to  thie  deposition,  of  crysta]3  from  the  liqnldl . 
But  the  following  experiments  of  Mr.  Daniel  render  this  opinion, '^ 
not  so  probable.  He  put  bismuth  and  antimony  in. very  diluted 
nitric  acid ;  after  some  days  the  bismuth  exhibited  the  cubic  tex«>.  :* 
ture,  which  is  so  striking  in  native  bismuth,  and  the  antimpnyrl 
exhibited  tbe  appearance  of  rhombdds.  A  number  of  similar  % 
experiments  with  other  bodies  were  relatedf^  all  tending  to  prqve  ^ 
the  accuracy  of  the  conclusion  which  Mr.  Daniel  bad  dr^wn.  ;; 

On  Thursday,  Nov.  23,  the  remainder  of  Mr.^  Dj^ielV  papery  ^ 
was  read!  He  showed  that  the  action  of  water  ^and  difierent  s'olvegQts.: 
upon  crystals  was  a  much  more  delicate  test;  of  their  4$t¥ucture.thaa(« 
mechanical  division.  He  showed  that  the  supppsitipn,  that  the  inte*.^ 
grant  molecules  of  bodies  are  spheres,  will  exjplain  the  S|tructure,  qCi  • 
alum  crystals ;  the  octahedral  crystal,  and  all  the  Qtbercrystallinis. , 
forms  which  it  assumes  being  deducible  from  the  arrangement  ^^^ 
such  spheres  according  to  the  action  of  gravity,  merely  by  the  :ap^^ 
straction  or  non-formation  of  certain  angles  by  the  removsj  of  a^ 
certain  number  of  molecules,  while  the  arr^gement  of  the  rest  ia^  ^ 
not  altered ;  but  the  rhomboidal  crystal  of  carbonate  of  lime,  an4 ' 
the  four-sided  prism  of  sulphate  of  magnesia,  cannot.be  deduced/ 
from  the  arrangement  of  spheres.  Oblong  spheroids,  however,  are.^ 
capable  of  producing  these  forms.  No  other  form  of  the  particles ". 
but  these  two  are  capable  of  accounting  for  the  stru^iire  of  crystab. . 

LINN^AN   SOCIETY, 

On  Tuesday,  Nov.  7*  the  Society  met  after  tbe  long  yacatioft*- 
A  paper  by  Mr.  Johnson  was  read,  giving  further  information  re-^;^ 
specting  the  fossil  remains  of  an  animal  found  at  Lynn,  in  Doir^et^  < 
shire*  :  < 

A  notice  from  Mr.  Sowerby  was  read,  pointing  out  the  advan^i 
tages  of  watering  fruit-trees. 

Part  of  a  paper  by  Don  Felix  Brotero  was  also  read^  on  tho- 
genus  pcissijflora.  .  .>. 

On  Tuesday,  Nov.  21,  the  remainder  of  Don  Felix  Brotero's^ 
paper  was  read. 

There  was  also  read  an  account  of  a  considerable  number  of > 
specimens  of  cinchona^  by  Aylmer  Bourke  Lambert,  Esq.  .They.; 
had  been  taken  in  a  Spanish  ship,  and  came  into  the  possession  of,, 
the  author  of  the  paper.  He  was  able  to  distinguish  differtnt 
varieties  of  known  species.  Five  specimens  were  not  refera^^  Ukf- 
any  known  species,  but  appeared  new.  The  yellow  bark  of  thai, 
shops  is  obtamed  from  the  cinchona  hirsutaot  the  ^fiora  PeruuianOmi 

There  was  also  read  part  of  a  paper  :h«  ~  ^c.  Aohariu?  on  tw4^ 
new  generaof  tkhens.    •  v  -^  a  \i  \  :       ,  ;\ 
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Account  of  the  Labours  of  the  Class  of  Mathematical  and  Physical 
Sciences  of  t/ie  Royal  Institute  of  France  during  the  Year  13,14, 

{CofOkmed  from  p.  S^.) 

Mathematical  I^art. 

By  M.  fc  Chevalier  Delambre,  Perpetual  Secretary* 

We  have  already)  in  a  preceding  notice,  briefly  analyzed  die 
memoir  of  M,  Biot  on  A  new  Application  of  the  Theory  of  the 
Oscillations  of  Lights  read  to  the  Class  at  the  end  of  J  813.  The 
author  announces  in  it  that  he  has  extended  to  substancess  hanngf 
the  most  powerful  double  refraction,  as  arragonite  and  calcareous 
spar,  the  researches  which  he  had  at  first  only  applied  to  substances 
whose  double  refraction  is  so  feeble  that  the  images  of  the  luinitiofis 
points  seen  through  plates  with  parallel  surfaces, '  and  three  or  feut 
centimetres  thick,  which  are  not  sensibly  separated.  He  has  feand 
in  that  nianner  that  in  these  crystals,  as  in  all  the  others,  the  lunaidoua 
jpolecules  hcgin  by  oscillating  round  their  centre  df  gratity^to'ii 
eeitu in  depth;,  after  which  they  acquire  likewise  a  fixed <p<dari2&tioii, 
which  arranges  their  axes  in  two  rectangular  directions.  •'  ■ 

*  To  oliserve  these  phenomena  in  any  crystal  we  must  attenuate  its 
polarizing  force  till  the  luminous  molecules  which  traverse  ft  make 
in  its  interior  less  than  eight  oscillations.  We  accomplish  this  dfh^ 
by  forming  with  the  given  crystal  plates  sufficiently  thin,  or  by  lil- 
clining  thein  on  an  incident  polarized  ray  so  as  to  diminish  tMe 
angle  which  the  refracted  ray  forms  with  the  axis  of  double  refirec- 
tion ;  or,  which  is.  more  convenient,  by  employing  these  two 
methods  togeiht;r. 

*  We  accomplish  the  same  thing  by  transmitting  first  the  ineideht 
ray  through  a  plate  of  sulphate  of  lime  of  the  requisite  thickn^, 
the  axis  of  which  forms  an  angle  of  45°  with  the  primitive  plane  of 

.polarization;  for  when  a  ray  is  thus  prepared,  in  order  that  it 
should  be  decomposed  into  coloured  pencils,  it  is  no^ necessary  that 
the  polarizing  force  of  the  second  plate  should  be  very  weak  ;  it  is 
sufficient  that  it  diminishes  in  the  requisite  degree  the  first  impres- 
sions which  it  has  received,  in  order  that  the  difference  of -the 
tiumber  of  oscillations  produced  in  the  two  plates  be  le$s  than 
.eight.  ^  ■  :.  : 

We  find,  for  example,  that  the  polarizing  force  of  Iceland  S|fcr 

is  expressed  by  18*6,  if  we  take  that  of  sulphate  of  lime  for  unity  ; 

0r  there  is  required  a  thickness  of  sulphate  of  lime  arriotintingto 

]  8'(>,  to  destroy  the  modifications  given  to  the  rays  of  light  by  a 

thickness  of  1  of  Iceland  spar.    This  ratio  will  be  likewise  Aat-of 

-Iceland  spar;  for  rock  crystal  acts  exactly  like  sulphate DfKme. 

i  yhis  ratio  will  only  be  \T7i  according  to  other  experiments  of- M« 

yjilalu^^     "Die  difference  is  insensible.    M.  Biot  catinot  decide  wfai€h 

'  is  accurate.    All  the  otlaw  suWwkc^s  ^Vi\riv  \»  has  been  abietQ 
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subject  to  a  similar  proof  have  offered  the  same  equality  with  respec 
to  the  polarizing  forces.  This  would  demonstrate,  if  it  were  neces- 
sary, that  ths  theory,  of^  the  oscillations  of  light  attenuates  these 
phenoRiena  at  their  origin,  and  brings  them  to  the  consideration  of 
the  true  forces  by  which  they  are  produced. 

In  the  work  which  the  same  author  has  published  on  the  polari- 
zation of  light,  M.  Biot  was  led  to  conclude  that  the  luminous 
molecules,  in  traversing  crystallized  bodies,  not  only  undergo 
geometrical  deviations  in  the  |)osition  of  their  axes,  but  tba(  they 
acquire  new  plipical  properties  which  they  retain,  and  which  Q)  ake 
themselves  known  in  experiment  by  affections  quite  new.  The 
proofs  of  this  result  depended  upon  a  very  delicate  disc\jssion.  They 
requined  the  aid  of  a  great  number  of  experiments.  The  author,  in 
his  memoir  on  the  Physical  Properties  which  the  luminous  Mole- 
cules acquire  in  traversing  doubly  refracting  Crystals,  read  the  22d 
of  May,  lbi4,  has  sought  for  simpler  proofs  to  establish  so  extra- 
4>rdinary  a  consequence.  The  theory  which  he  had  deduced  from 
U  furnished  him  with  the  simplest  means  of  establishing  it  direcUy* 

He  begins  by  polarizing  a  white  ray  by  means  of  re^ecr/on  from 
a  mirror.  He  then  transmits  it  perpendicularly  across  a  natural 
platQ  of  iHilphate  of  lime  of  a  thickness,  e,  which  exceeds  -,±^  of  a 
millimetre,  and  the  axis  of  which  forms  an  angle  of  45^  with  the 
priioitive  plane  of  polarization.  The  ordinary  and  extraordinary 
pencils  which  are  produced  proceed  both  in  the  same  direction. 
Further,  from  the  theory  already  established,  these  two  pencils 
proceed  white ;  and  if  the  thickness  does  not  exceed  a  few  centi- 
-metres,  they  appear  as  if  they  were  polarized  at  right  angles,  one 
in  the  direction  of  the  primitive  polarization,  and  ^the  other  in  a 
'  rectangular  direction. 

He  excludes  this  second  pencil  by  transmission  across  a  pile  of 
plate  glasses,  disposed  in  such  a  way  as  to  reflect  totally  without 
acting  in  the  least  upon  the  first  pencil,  which  remains  alone  visible 
through  the  pile. 

Then  if  we  compare  this  with  a  ray  polarized  in  the  same  direc* 
tion  by  simple  reflection  from  a  plate  glass,  we  see  that  they  appear 
perfectly  similar  as  to  the  geometrical  arrangement  of  the  particles 
and  the  direction  of  the  polarization ;  for  they  exhibit  exactly  the 
same  phenomena  when  examined  by  a  prism  of  Iceland  crystal,  or 
by  reflection  from  an  inclined  plate  glass.  In  the  first  case  they  arc 
resolved  equally  Into  two  white  images,  which  disappear  and  reap- 
pear at  the  same  limits.  In  the  second  they  are  reflected  in  the 
^ame  manner,  and  escape  together  from  the  reflection.  Further,  if 
we  make  them  traverse  thin  plates  of  sulphate  of  lime  or  of  rock 
crystal,  they  give  equally  coloured  images,  and  coloured  whh  the 
i.same  tints;  and  both  cease  to  give  them  when  the  plates  have 
acquired  a  certain  thickness.  But  with  so  great  a  resemblance,  they 
exhibit  a  striking  difference.  ,  iMk  ]^  limits,  the  thickr^^ 

:  always  increasing,  the  ray  polarlfra'  \  reflection  never  gi^es 

w^oloMrsiwlule  the  pencil  that^lw  '  *  thickaess  ^  t^ 
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■ulphatc  of  lime,  begins  to  give  colours  anew  when  the  tliielciiesaiiAii 
the  second  plate  of  that  substance  conies  within  the  limits  e±-^>^'\ 
of.  a  millimetre.  It  preserves,  then,  in  this  case,  dursble  rtraces>(rf  , 
tcM  phyucal  impressions  which  it  had  undergone  in  passing  thrcugh 
the  fint  crystaltiiied  plate,  and  these  impressions  are  proportioml  to 
the  thickness  a  of  that  plate;  while  the  ray  polurized  by  simple 
nflectioQ  is  modified  completely,  as  if  it  had  passed  a.  crystallized 
plate  of  infinite  ihicUaass.  The  difference  between  the  two  rays 
shows  itself  likewise  in  several  other  phenomena  indicated  by  the 
theory,  and  which  it  would  have  been  difficult,  if  not  impossible, 
to  diiine  otherwise. 

In  his  preceding  researches  on  doubly  refracting  crystals,  the 
author  has  shown  that  we  may  obtaio  extraordinary  and  ordinary 
coloured  pencils  with  thick  plates  as  well  as  with  thin  plates,  by 
opposing  the  polarizing  actions  successively  exercised  by  the  two 
plates  oil  the  same  luminous  ray.  When  these  places  are  of  the 
sflfne  nature,  the  opposition  always  rakes  place  when  their  axes  of 
double  refraction  cross  at  right  angles.  But  when  they  are  of  a 
di^rent  nature,  we  must  in  ceilain  cases  cross  their  axes,  and  in 
ethers  place  them  paraHel  to  eacli  other.  This  last  case  lakes  place 
whan  we  combine  plates  of  beryl  with  those  of  quartit.  When  the 
axes  of  these  two  substances  arc  placed  in  the  same  manner  rela- 
tively to  a  polarized  ray,  the  impressions  which  they  communicate 
to  it  are  such,  that  if  they  are  succe.ssive  they  destroy  each  other. 
On  the  contrary,  they  continue  and  increase  the  effect  if  their  axes 
are  crossed  at  right  angles,  which  is  precisely  the  opposite  of  what 
ire  find  when  we  combine  two  plates  taken  from  the  same  crystal. 
Thus  in  this  sort  of  effect  which  the  crystals  produce  on  luminous 
particles  traversing  them,  we  must  distinguish  two  modes  of  iow 
pression  different  and  opposite  to  each  other,  as  is  the  case  with 
vitreous  and  resinous  electricity,  or  the  north  and  south  poles  of  a 
magnet.  We  may  call  them  quartx}/  and  beyylly  polarization. 
The  following  is  a  list  of  some  substances  which  arrange  themselves 
under  the  one  or  the  other  of  these  denominations, 

Quartxif  Polarixatiun. — Rock  crystal,  sulphate  of  lime,  sulphate 
of  barytea,  topaz. 

Bmillif  Poinrizalion. — Calcareous  spar,  arragontte,  phosphate  of 
Kme,  beryl,  tourmaline. 

When  we  combine  together  two  crystals  the  polarization  of 
which  is  of  the  same  nature,  we  must  cross  their  axes  to  obtain  tlie 
differences  of  their  actions;  and  on  the  contrary,  we  must  place 
them  parallel  if  their  polarizations  be  different.  We  see  that  the 
primitive  form  of  a  crystal  has  no  evident  relation  with  the  kind  of 
polarization  which  it  exercises,  no  more  than  it  has  with  the  elec- 
trical properties  of  rninera's. 

In  studying  the  action  of  the  tourmaline  on  Iigbt,  M.  Biot  oh-    . 
KFved  in  it  the  singular  property  of  having  double  refraction  when 
thin  und  single  refraction  when  thick.     To  show  these  pbenomeni^.u 
hepoUab?d  the  incluicd  faces  o£  %\a,Tg&voutta^[\e,  so  as  to  fon 
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prhm  whose  angle  was  parallel  to  the  axis  of  the  iteedle^  'tfhIcA'li'  ; 
likewise  that  of  the  primitive  rhomboid.  If  we  look  at  the  ftr^e  of 
a  candle  through  this  prism,  when  we  direct  the  eye  through  the' 
thinnest  part,  we  see  two  images  the  brilliancy  of  which  is  sensibljr' 
the  same;  one  of  which,  the  ordinary,  is  polarized  in  the  direction  ' 
of  the  aKis  of  the  tourmaline ;  and  the  second,  extraordinary,  in  the 
direction  perpendicular  to  that  axis.  But  in  proportion  as  we  pass' 
to  the  thicker' part  of  the  prism,  the  ordinary  image  become* 
weaker,  and  at  last  disappears  entirely;  while  the  extraordinary 
image  continues  to  be  transmitted  without  undergoing  any  othef 
diminution  of  density  than  what  proceeds  from  absorption. 

This  property  occasions  various  pbetiometia,  which  are  easily 
foreseen  when  known,  and  which  experiment  conftfuis.  They  havef 
much  analogy  with  those  that  Dr.  Brewster  has  discovered  in  thef 
agate.  In  examining  these,  M.  Biot  has  ascertained  that  they  do 
not  take  place  a^  in  the  tourmaline,  but  beyond  certain  limits  of '• 
thickness ;  for  when  tlie  agate  is  made  sufficiently  thin,  it  possesses 
all  the  properties  of  crystals  endowed  with  double  i^fhlction.         • ' 

The  memoir  of  M.  le  Baron  Ramond  on  the  Meteorological' 
Operations  performed  at  Clermont-Ferrand  since  the  Month  of 
June,  1806,  to  the  end  of  1813,  oilers  a  general  table  of  the' 
observations  which  the  author  has  made  with  tne  best  fnstruihents;, 
the  most  assiduous  care,  and  the  precautions  which  a  long  expe- 
rience had  shown  him  to  be  necessary.  They  embrace  the  seven 
years  of  his  residence  in  a  department  which  offers  so  tnany  objects 
interesting  to  ^the  curiosity  of  the  philosopher  and  naturalist.  In 
a  preceding  memoir  M.  Ramond  had  shown  the  nfiethod  of  deter- 
jpining  by  the  barometer  the  relative  heights  of  two  stations  at  ai 
distance  from  each  other.  Here  he  gives  merely  the  annual  and 
diurnal  heights  of  the  barometer  and  thermometer,  the  influence  of 
seasons  and  the  time  of  the  day,  and  the  periodical  oscillations  ob« 
served  in  the  height  of  the  mercury. 

The  memoir  is  terminated  by  three  tables,  each  of  Which  offers 
the  mean  results  of  several  thousand  observations.  In  the  first  we 
find  the  mean  height  of  the  barometer  for  seven  years,  the  mean 
heights  of  each  season,  those  of  each  month  at  mid-day.  With  the 
oscillations  at  three  other  epochs,  the  most  critical  of  the  day : 
finally,  the  accidental  variations,  their  extremes,  and  the  variations 
for  each  season  and  each  month. 

The  second  presents  with  the  same  detail  the  degree  of  the  Cetiti- 
grade  thermometer  at  mid-day,  with  the  extreme  heights  and  the 
mean  variations. 

The  third  is  consecrated  to  the  meteors.     We  see  the  directioii 
of  the  wind,  the  number  of  rainy  and  snowy  days,  of  hail,  of  blight^ 
of  fog,  of  hoar  frost,  of  frost,  of  strong  wind,  of  thunder  and  light-  ^ 
ning,  of  cloudy  and  cloudless  days. 

Of  these  three  tabks  the  first  is  that  which  furdishes  the  greatest  ^ 
number  of  interesting  remarks.  We  could  not  gite  an  exact  ideii  '; 
i^f  it  except  by  copying  the  whole  memoi]r)  which.  hL^^aK.\i  ^{^^^s^^\ 
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fs^tfact  drawn  up  ^itli  as  mucli  clearness  as  coodieness.  Wi) 
■ball  select  the  remarks  which  are  the  most  interesting  and  tbs 
shortest.  The  meaa  results  of  the  seveo  years  differ  very  little  fnom 
'  nhat  might  be  deduced  Irom  the  liret  two  years.  Hence  they  seem 
to  possess  all  the  requisite  ccttainty;  and  it  is  not  to  be  regretted 
tbat  the  autluir  cuuid  not  verify  them  by  a  longer  abode  at  the. Pa} 
de  Dopie.  i '. 

,.  The  meaa  resutis  of  the  seven  years  interest  more  particularly  ths 
plaee  that  has  furnished  them.  Tlio  variations  obseived  in  eacfa 
reason  have  a  more  general  utility.  We  obserce  in  them  tbe  ociioa 
«f  regular  causes,  wliich  subject  the  atmosphere  to  periodical  modi.' 
fications.  Each  season  has  its  character,  in  sumnier,  the  mesn 
Wight  of  tiie  bnronieler  is  greater;  in  spring,  it  is  less.  The  spring 
^  the  epoch  of  the  greatest  diurnai  oscillations.  They  are  least  ja 
winter.  The  accidental  variations,  on  the  contrary,  are  the  greatest 
ifi  winter,  and  the  least  in  summer. 

We  remark  unequivocal  annual  oscillations  in  the  harometrio 
mean,  which  seem  analogous  to  the  horary  oscillations.  The  tnei' 
cury  is  highest  in  the  month  of  January.  It  descends  tlU  the 
month  of  April,  when  It  is  lowest.  It  then  mounts  till  the  montb 
0/  June;  and  after  remaining  elevated  for  some  time,  Jt  descebds 
till  November,  and  mounts  again  rapidly  to  the  height  of  January; 

The  diurnal  revolution  has  equally  its  annual  phases.  But  pheaO' 
Diena  so  complicated  would  require  a  long  conticiued  series  of  good 
observations  to  determine  what  wc  cannot  yet  see  in  them. 
,,  The  bygTometrical  observations  do  not  appear  in  tliese  tables. T^c 
autlm  has  ascertained  that  the  variations  m  moisture  have  no  sen- 
able  effect  upon  the  state  of  the  barometer.  They  were  therefore 
indifferent  tu  the  main  object  which  he  had  in  view,  and  of  couae^: 
queoce  he  did  not  examine  them  with  the  same  assiduity. 

This  new  memoir  offers  a  model  which  those  persons  will  no 
doubt  follow  who  devote  themselves  to  the  study  of  the  modificatiaDa 
qi  tite  atmosphere.  It  presents  facts  from  which  they  may  set  out* 
cither  to  give  more  exactness  to  the  value  of  the  mean  presfiures, -ot^ 
tp  employ  these  means  more  convenieBtly  in  barometrical  measure*- 
menta.  We  find  here  the  complement  of  the  dl&ereot  iuquirles  \rith 
which  the  author  has  occu|iIed  the  Class  at  different  times,  and  of 
ifhich  we  have  given  extracts  in  our  former  reports. 

The  memoir  of  M.  Poisson  on  Elastic  Surfaces  is  divided  intot 
two  parts.  The  first  is  relative  to  flexible  and  non-elastic  surfaces, 
of  which  M.  Lagrange  has  given  the  equation  of  equilibrium  in  (be 
new  edition  of  bis  Mecanique  Analytiquc,  i.  149.  M.  Potssaa[ 
comes  to^tbe  same  equation  by  a  different  method,  which  has  the' 
advantage  of  showing  the  particular  restriction  under  which  it  ifci 
It,  supposes,  in  &ct,  a  condition  which  is  not  often  fulfilled,  and^ 
which  becomes  Impossible  in  a  heavy  surface  of  unequal  thicknesdw 
'J^o  resolve  the  question  completely,  we  must  attend  to  the  differ*- 
eni;^  of  jcuslon^  which  the  same  element  experiences  in  tif  0  dd&r^t 
.wreiiiohs.    We  then  find  ee^uations  of  et^uili)™'"    —^■~i-  :-..i..j-' 
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that  of  the  Mecaniquc  Analytique.    They  are  much  more  gebent!^' 
but  they  are  at  the  same  time  more  cofbplicated. 

Hie  flexible  surface  presents^  in  a  particular  case,  a  result 
itrorthy  of  being  remarked.  If  we  suppose  all  the  points  of  it 
pressed  upon  by  a  heavy  fluid,  we  obtain  for  equation  that  which 
M.  Laplace  has  found  for  a  capillary  surface,  concave  or  cotivex; 
Hence* it  results  that  when  a  liquid  rises  or  falls  in  a  capillary  tobe^, 
k  takes  the  same  form  as  a  flexible  and  impermeable  piece  of  linea 
filled  with  a  gravitating  fluid. 

After  having  found  the  equation  of  equilibrium  of  a  flexible  snr« 
face,  all  the  points  of  which  are  pressed  upon  by  any  forces,  nothing 
more  is  wanting  to  determine  the  equation  of  an  elastic  surface  thatt 
to  comprehend  among  the  number  of  forces  those  which  proceed 
from  elasticity.  The  determination  of  this  species  of  force  formi 
the  object  of  the  second  part  of  the  memoir. 

Whatever  be  the  cause  of  the  elasticity  of  bodies,  it  is  certiiift 
that  it  roust  consist  in  a  tendency  of  their  molecules  to  repel  each 
other,  and  that  this  tendency  may  be  ascribed  to  a  repulsive  fordS 
which  they  exercise  according  to  a  certain  function  of  their  dis-* 
tances.  It  is  natural  to  think  that  this  force,  as  well  as  all  the  other 
actions  of  the  molecules,  is  only  setisible  at  imperceptible  distances* 
The  function  which  expresses  its  law  must  be  considered  as  null  a^ 
soon  as  the  variable  quantity  which  represents  the  distanee  is  hot 
exceedingly  small.  We  know  that  such  functions  generally  disap^- 
pear  in  the  calculus,  and  only  leave  in  the  definitive  results  total 
Integrals  or  arbitrary  constatit  quantities,  which  are  the  data  of  the 
obeervation.  This  happens  in  the  theory  of  refractions,  and  stilt 
better  in  the  theory  of  capillary  action,  which  the  attthdr  of  the-' 
memoir  considers  as  one  of  the  most  beautiful  applications  of  mathe«^ 
matics  to  naturalphilosophy.  The  same  thing  holds  in  the  present* 
question.  Hence  we  can  express  the  forces  proceeding  from  the 
elasticity  of  the  surface  by  quantities  depending  solely  on  the^ 
figure,  as  the  principal  radii  of  curvature  and  their  partial  difier« 
ences.  In  this  way  M.  Poisson  obtains  an  equation  of  the  elastic* 
surface,  the  object  of  his  research.  It  is  not  possible  to  give  these' 
foimulas  here,  nor  the  details  of  calculations  or)  which  they  are^ 
founded  ;  we  are  obliged  to  refer  to  the  memoir.  * 

The  principal  equation  supposes  the  thickness  constant,  and^ 
agrees  only  with  an  elastic  surface  nearly  plane.  It  neither^com-^ 
pichends  bells,  nor  other  surfaces  which  are  naturally  curved.  The^ 
author  comes  to  them  in  another  manner,  which  he  draws  from  the 
principle  of  virtual  velocities.  This  manner  is  even  more  stmpio' 
than  the  first ;  but  it  leads  to  a  more  complicated  equation,  the 
identity  of  which  with  the  former  it  has  been  impossible  to  verify/ 
except  by  a  particular  artifice.  But  in  so  difficult  a  case,  it  is  an 
additional  security  to  have  two  different  methods  which  ledd  to  thf ' 
same  result.  '  '"   **^'-*'-     ■* 

After  having  considered  the  problem  as  a  quettttjtf^  ^ 
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mechanics,  M.  Poisson  makes  an  interesling  application  of  it  to 
one  of  the  most  exttriisive  and  cunous  branches  of  acoystics  ;  that 
is  to  say,  to  the  vibrations  of  elastic  plates,  to  the  figures  which 
they  present,  and  to  the  sounds  wliich  they  emit,  duriog  tb«it 
novements.  We  may  suppose  that  the  pkte  to  become  sonoroiu 
separates  very  little  from  a  tixed  plane.  This  consideration  puts  it 
in  our  power  to  neglect  all  the  quantities  of  tiie  second  dinieasion 
with  respect  to  one  of  (he  three  co-ordinates.  Abstractint;,  (Ken, 
the  weight  of  the  plate,  and  supposing  that  each  point  of  the  plate 
remains  during  the  movement  in  the  same  perpendicular  to  the 
fixed  plane,  the  author  obtains  a  nev/ formula  which  divides  itself 
Into  two  others,  according  as  the  one  or  the  other  of  the  two  con- 
stant quantities  which  it  coniuins  are  reduced  to  0.  One  of  these 
particular  equations  had  been  already  found  liy  Euler;  the  other 
occurs  without  sufficient  proof,  or  even  without  any  demonstration, 
I  ■  ID  apiece  sent  for  the  prize  proposed  by  the  Class  of  the  Sciences, 
on  the  Mathematical  Theory  of  the  Vibration  of  Sonorous  Plates, 
verified  by  a  Comparison  with  Experience.  This  pnze  is  still  open 
till  the  1st  of  October,  IB\5,  the  Class  not  having  hitherto  re- 
ceived any  piece  worthy  of  attention,  e.\cept  that  to  which  it  hat 
mven  an  honourable  mention  on  account  of  this  same  foimuls. 
The  author  satisfies  it  by  particular  integrals  composed  of  «xponen- 
tials  of  the  sine  and  cosine.  In  this  he  followed  the  example  given 
ty  Euler.  To  eacli  of  these  integrals  corresponds  a  particular  figure 
of  the  sooOTOus  plate,  and  the  sound  which  it  emits  depend  in 
general  on  the  number  of  nodal  lines  which  form  during  theie 
vibrations.  The  tones  thus  calculated  agree  in  a  Gatisfsctory 
manner  witli  the  experiments  of  Chladny,  and  with  other  expari- 
nents  made  by  (he  anonymous  autlior.  This  conformity  was  the 
principal  cause  of  the  honourable  mention  made  of  that  memoir. 

M.  Poissoii  points  out  another  kind  of  comparison,  mu;;h  more 
^itBcult,  and  which  would  be  relative  to  the  figuie  produced,  after 
4  given  manner  of  putting  the  plate  in  a  state  of  vibration.  He 
would  wish,  likewise,  that  the  results  of  the  calculus  were  deduced 
from  the  general  integral,  and  not  from  some  particular  integrals. 
Unfortunately  this  equation  cannot  be  integrated  in  a  finite  form 
except  by  definite  integrals,  which  contain  imaginary  quantities 
under  arbitrary  functions ;  and  if  we  make  them  disappear,  as  M. 
Plana  has  done  i[i  the  case  of  vibrating  cords,  we  obtain  an  equation 
so  complicated  that  it  appears  very  difficult  to  make  any  use  of  it. 

We  see,  then,  that  the  question  of  sonorous  plates  offers  still  to 
the  analyst  sufficient  difficulties  to  surmount-to  account  for  the  deci- 
sion of  ihe  Class,  who  have  put  off  the  (erm  of  deciding  the  priv 
till  the  1st  of  October,  1815.  But  the  double  demonstration  of 
the  fundamental  formula  is  a  very  important  step.  It  may  be  heft- 
after  taken  as  a  datum  of  the  problem  ;  so  that  the  candidates  will 
turn  all  their  efforts  towards  the  integration  of  the  formula,  and  the 
different  meihodt  of  comparing  it  with  esperieoce^    Thoee  who 
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vrish  for  more  details  will  find  them,  with  the  formulas  t!hem96lve% 
ia  the  Bulletio  de'la  Society  Philomttique  for  1814. 

The  memoir  on  the.  Probability  of  Evidence,  by  M.  le  Coidte 
Laplace,  read  to  the  Class  on  the  8th  of  August,  1814>  was  not 
intended  by  the  author  to  make  a  part  of  the  collection  of  our 
memoirs.  It  was  composed  to  complete  a  general  treatise  which 
appeared  in  November  last,  entitled  Theorie  Aoalytique  des  Proba* 
bilitds,  and  in  which  M.  Laplace  has  collected  in  the  most  natural 
order,  and  often  with  considerable  augmentations,  all  that  he  has 
written  at  different  times  on  this  subject,  with  which  he  has  been 
occupied  since  the  commencement  of  his  mathematical  career.  In 
this  cliapter,  entirely  new,  which  he  has  devoted  to  testimony,  and 
which  constitutes  the  last  in  the, new  edition,  the  author  considers 
successively  a  single  witness,  or  an  inde6nite  number  of  witnesses, 
either  simultaneous  or  successive.  He  estimates  their  probability, 
and  the  law  according  to  which  it  decreases.  He  applies  his  theory 
to  the  sentences  given  either  in  the  first  instance,  or  in  the  courts 
oi  appeal.  In  another  chapter,  which  has  tlie  title  of  Additions, 
we  firnl  a  new  demonstration  of  the  ratio  of  the  circumference  of  a 
circle  to  its  diameter  in  infinite  series  given  by  Wallis,  and  rigorous 
and  direct  demonstrations  of  some  formulas,  which  in  the  course  of 
^the  work  had  only  been  established  by  induction. 

We  have  already  parabolic  tables  of  four  different  forms  :  those 
ef  Halley,  of  Lacaille,  of  Berker,  and  of  Saron,  which,  may,  at  least 
the  last  three,  claim  the  preference,  according  to  the  methods  which 
we  employ  to  determine  the  unknown  orbit.  M.  Burckhardt^  who 
has  invented  for  this  kind  of  calculation  expeditious  methods,  which 
he  frequently  uses,  has  just  given  to  his  General  Tables  of  the  Para- 
bolic Movement  of  the  Planets,  a  form  more  appropriated  to  these 
same  methods,  and  which  ought  still  to  abridge  the  calculations. 

(^Tf  he  continued,) 


Article  XIII; 

SCIKNTITIC    INTELLIGBNCJS;   AND   XTOTICBS  OF  SUBJECTS 

CONNBCTBD  WITH  SCIENCE. 

I.  Theory  of  Crystuts. 

In  Fontenelle's  Ehp  on  Gpglielmini,  the  well-known  Italian 

Jhilosopher,  w.ho  distinguished  himself  by  his  various  treatises  on 
ydrodyn^mics,  he  mentions  a  book  of  this  philosopher  published 
at  Venice  in  1703,  and  entitled  De  Salibus  Dissertatk)  Phystca 
iMedieo-Mechanica.  FonteQeUn'aAapoaQt  of  this  book  is  as  ibl- 
Jows  9  '^  Tb^  ground  of  the  psj^  k  is,  that  the  first  principles 

.^of -cQauPpn  s^ltj  yitrigl,  j)iiiDr<  :QQsist>  from  their  ori- 

ginal creation,  of  fixed  an^  aoi  1^,  and  are  indi- 
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visible  will)  respect  to  the  dcterminale  force  or  strength  that  is  m 
macter.  The  priniiiive  figure  of  ihc  common  salt  is  a  IJule  cube  t 
of  viiriol,  a  rbooiboidal  paraileIopi|>edun  ;  of  njire,  u  pHsm  whose 
basis  is  uu  equilateral  triangle  ;  and  of  alum,  a  quadrangular  pyra- 
mid. From  liiese  figures  proceed  those  whieh  they  cunstautly  tSecl 
in  their  crystallizations,  provided  tliat  they  are  kept  as  free  as  pos- 
eible  from  all  foreign  mixtures."  Tliia  looks  like  an  anticipation  of 
H ally's  doctrine  of  the  pTimilu'e  molecules  of  bodies,  Wheilier  it 
be  so  or  not,  can  only  he  determined  by  a  perusal  of  the  book  itself, 
whicli  1  have  never  had  an  opportunity  of  seeing. 

II.  Fluxions. 
Want  of  room  prevented  me  in  the  last  number  from  making 
some  observations  in  answer  to  the  queries  respecting  fluxions, 
proposed  in  p.  394  of  tlie  present  volume.  When  Professor 
Christison  says  that  fluidons  iniglit  he  easily  understood  by  a  person 
who  has  only  made  himself  acquainted  with  the  first  two  txKiks  of 
Euclid,  I  presume  he  is  far  from  recommending  such  a  plan  to  be 
actually  followed.  He  merely  makes  use  of  the  expression  tb  make 
the  reader  sensible  that  fluxions  contain  nothing  mysterious,  and 
that  they  are  easily  comprehended.  To  study  fluxions  with  so 
little  mathematical  knowledge  would  be  useless,  because  the  pupil 
could  not  in  that  early  stage  of  his  progress  apply  them  to  any 
Bseful  purpose.     The  mode  of  studying  mathematics,  which  ap- 

Eiars  the  simplest  and  easiest,  is  to  learn  the  fir^t  four  hooks  of 
uclid ;  then  to  make  the  pupil  acquainted  thoroughly  with  vulgar 
find  decimal  fractions,  and  with  algebra  as  far  as  the  solution  of 
quadratic  equations.  With  this  knowledge  the  fifth  book  of  £uclid 
D[  the  doctrine  of  ratios,  which  is  so  important  in  mathematics,  is 
easily  comprehended  by  the  pupil.  A  very  perspicuous  demonstra* 
tion  of  the  principal  theorems  in  it  will  be  found  in  Saunderson's 
Algebra.  The  pupil  may  then  study  the  sixth  book  of  Euclid,  and 
make  himself  master  of  the  Uih  and  12th,  I  consider  Mr.  Play- 
fair's  substitution  of  a  variety  of  demonstrations  from  Archimedes 
ss  an  improvement  of  the  l!2th  book.  He  may  tlien  return  back 
to  Algebra,  team  the  method  of  resolving  cubic  and  biquadratic 
equations,  the  nature  of  equations  in  general,  and  the  various 
modes  of  solving  ihem  by  approximation.  Tiie  properties  of  figu- 
rate  numbers,  of  logarithms,  and  the  doctrine  of  series  may  also 
be  learned.  The  pupil  then  goes  to  trigonometry,  and  makes  him- 
self acquainted  with  plain  and  spherical,  with  the  arithmetic  of 
sines  and  tangents,  and  with  the  .practical  method  of  measuring 
heights  and  distances.  He  may  then  go  to  conic  sections,  and 
make  himself  acquainted  with  the  properties  of  the  parabola 
ellipse,  and  hyperbola.  After  this  fluxions  come  witii  proprietyit 
Tiie  direct  method  occasions  no  diOiculty  whatever,  and  will  jield 
much  pleasure  from  the  facility  with  wliich  it  enable*  the  pu[»l  to 
draw  tangents  to  curves,  to  solve  tiie  questions  respecting  maxIniK 
4n^i0naiis^^f,iiS''v  .ll^^MiPPUprttuuty  may..l)&  takrn of  mil' 
"      -^  -^  \l  ^r.  XI  .   '■ 
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the  pupil  acquainted  with  a  variety  of  important  curves,  and  in- 
deed with  the  doctrine  of  curves  in  general;  Lastly,  let  him  pro- 
ceed to  the  inverse  method.  Let  him  accustom  himself  to  resolve 
as  many  problems  as  possible. 

We  have  no  good  elementary  book  on  fluxions  in  English.  The 
best  is  Thomas  Simpson's  fluxions;  but  it  is  very  inelegant,  and 
he  has  been  at  no  pains  to  smooth  the  diflSculties.  The  best  books 
in  existence  on  fluxions  are  three  of  Euler,  written  in  Latin,  his 
introduction  to  the  calculus  of  infinitely  small  quantities,  and  his 
works  on  the  differential  and  integral  calculus.  I  would  be  disposed 
to  make  use  of  them;  but  as  the  notation  is  different  from  our's, 
that  may  be  considered  as  an  objection.  Of  the  French  ele- 
mentary books  the  best  that  I  have  seen  is  Bossut*s.  Lacroix 
wants  the  art  of  arranging ;  hence  his  books  are  confused,  and  not 
very  fit  for  students. 

III.  Account  of  a  Meteor. 

(To  Dr.  ThMDson.) 
MY  DEAE  SIR, 

Id  the  last  number  of  your  Annals  of  Philosophy ^  Mr.  h\ikn 
Howard  mentions  a  meteor,  which  was  seen  on  the  evening 
of .  the  29th  of  last  month,  and  requests  any  person  having  ob- 
served the  same  to  give  him  what  information  they  can.  1  was 
walking  out  in  the  evening  and  saw  the  reflection  of  light  on  the 
ground,  much  like  to  a  large  flash  of  lightning-;  on  looking  up^ 
the  meteor  was  then  passing  with  great  velocity  towards  the  norths 
and  also  declining :  it  then  appeared  to  divide  into  a  -number  <k 
stars,  much  like  a  sky  rocket  when  bursting. 

As  your  Annals  generally  embrace  all  foreign  and  scientific 
intelligence,  I  shall  consider  myself  much  obliged  if  through  the 
Amms  you  would  favour  me  with  the  dcsciiption  of  a  F^rtabl^ 
Machine  for  surveying  land,  invented  by  M.  Pictet,  an  account  of 
which  I  believe  is  published  in  the  Archives  des  Decouvertes. 

I  remain,  dear  Sir,  yours  truly, 

Ort.W,  1815.  H,  W.  B. 

IV*  Queries  respecting  Steam  Engines  and  Steam. 

(To  Dr.  Thomson.) 
D£AR  SIR, 

I  observe  by  the  Newspapers,  that  an  important  improvement 
has  lately  been  made  by  employing  rarified  air  in  place  of  steamy 
as  the  moving  power  of  engines ;  and  the  editor  of  the  Monthly 
Magazine  mentions  that  one  of  these  engines  is  already  at  work,- 
which  requires  only  one  twentieth  of  the  fuel  used  by  a  steam 
engine  of  the  like  power.  I  am  sure  it  would  be  very  acceptable  to 
ybur  numerous  readers,  if  yo«  smmM  give  a  particular  description 
of  the  machine,  and  the  reaieti  'tiPir  io  small  a  quantity  of  heat 
produces  so  great  an  effiect.  I  have  nev^t^ssin  imy  account  iof  the 
specific  heat  of  steam,  <iff  ii&rent  f  ^testicitY  t  It  te' 

Vou  VI.  NO  VL  2  C 
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stated  in  the  last  number  of  the  Phil.  Mag.  that  on  a  trial  with 
VVooirs  engines  (wiio  uses  steam  of  high  pressure)  the  efiecjl^ 
compared  with  other  engines,  is  as  46*255  to  IVS^JJy  with  thesam^ 
quantity  of  fuel.  You  mention  in  your  Annals  of  Philosophy ,  &c. 
that  Count  Kumford  found  it  decrease  with  lieat ;  but  do  not 
mention  the  rate.  Is  tliere  any  metiiod  of  preventing  the  incrus- 
tation on  the  inside  of  steam  engine  boilers  ?  What  quantity  of 
sugar  may  be  obtained  from  a  given  quantity  of  starch  } 

I  am,  dear  Sir,  your  most  obedient^ 

Dundee^  Oct  17,  1815. 

V.  Roi/al  Geological  Society  of  Cornwall. 

Annual  Report  of  the  Cou?icil. — In  presenting  this  Annual  Rcr 
port  the  Council  cannot  resist  the  pleasure  of,  congratulating  the 
Society  upon  the  active  zeal  with  which  the  various  objects  of  its 
research  have  been  pursued^  and  the  eminent  and  unexampled 
success  which  has  attended  its  labours :  two  years  have  not  yet 
elapsed  since  its  establishment^  and  yet  how  much  has  been 
effected !  the  cabinets  are  respectable^  and  in  some  departmeqts 
even  rich ;  the  library  is  stored  with  many  splendid. and  instructive 
works,  in  the  various  sciences  connected  with  geology;  and  the 
laboratory  has  been  furnished  with  all  the  apparatus  necessary  for 
the  pursuit  of  analytical  mineralogy ;  numerous  interesting  and 
original  memoirs  have  been  read,  and  a  very  considerable  ma$s  of 
materials  has  been  collected  for  the  construction  of  a  Geological 
Map  of  the  County ;  the  miner  too  has  been  enlisted  into  bur 
service,  and  has  presented  us  with  much  valuable  information  of  a 
practical  nature,  which,  when  digested  and  arranged^  may  tend  to 
solve  the  important  problems  connected  with  the  structure  of  due 
metalliferous  veins,  and  at  the  same  time  he  has  enriched  our  port- 
folios by  the  addition  of  many  beautiful  plans  and  drawings. 

While  the  objects  of  scientific  research  have  been  thus  happily 
advanced,  the  interest  of  the  miner  has  excited  equal  attention, 
and  been  promoted  with  equal  zeal :  the  Qilconomical  Department 
of  the  collection  is  calculated  to  afford  him  much  valuable  instruc- 
tion, it  will  teach  him  the  characters  and  appearances  of  the  dif- 
ferent mineral  substances  employed  in  the  various  arts  and  maRu^^* 
iactures  of  the  kingdom,  and  enable  him  to  recognize  them  when- 
ever they  may  occur  in  his  own  districts,  and  thus  open  to  him 
endless  sources  of  profitable  labour :  the  council  therefore  take 
this  opportunity  of  soliciting  the  co-operation  of  the  various  mine 
agents,  in  order  that  they  may  more  speedily  enrich,  and  extend 
this  most  important  part  of  the  collection.  Nor  has  the  safety  and 
lives  of  the  miners  been  forgotten  :  it  is  with  infinite  satisfaction 
that  the  council  are  enabled  to  state  that  the  Tamping  Bar  com- 
posed of  a  metallic  alloy,  as  suggested  by  Sir  Rose  Price,  for  the 
prevention  of  these  fatal  explosions  which  so  frequently  attend  the 
liSGof  iron  instruments,  through  the  humane  and  able' exertions  of' 
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Mr.  William  Chlnalls,  has  been  so  modified  as  to  be  free  from  all 
the  former  objections  urged  against  its  utility,  and  has  accordingly 
been  introduced  into  general  use  in  many  of  the  most,  extrusive 
ipmes* 

A  valuable  instrument  also  invented,  by  Mr.  Chinalb,  called  thje 
Shifting  Cartridge,  well  deserves  the  attention  of  the  mine  agent^ 
Its  object  being  to  deliver  any  given  quantity  of  gunpowder  into  a 
hole  bored  in  a  rock  for  the  purpose  of  blasting  it,  without  that  loss 
and  hazard  which  attend  the  ordinary  method  of  charging. 

From  this  report  the  enlightened  members. of  the  community 
will  be  enabled  to  appreciate  the  value  and  extent  of  the  labours  of 
this  society,  they  will  discover  the  grand  objects  of  the  institution, 
and  be  induced,  it  is  hoped,  to  co-operate  in  extending  its  views  ; 
by  which  the  obscure  art  of  mining  will  be  improved,  the  health, 
comfort,  and  life  of  the  laborious  miner  ensured,  und  the.  political 
resourcjcs  and  opulence  of  the  county  augmented. 

Comparative  View  of  the  number  of  Members  at  the  last  and  on 
the  present  Anniversary. — First  anniversary,  109;  withdrawn^  1; 
died,  S;  elected  this  year,  36;  total,  141. 

The  Treasurer  reports  that,  although  our  expenses  have  been 
necessarily  great,  the  Society  isi  free  from  incumbrances,  and  has 
a  considerable  balance  in  its  favour.         . 

The  following  papers  have  been  read  this  year : — 

1.  On  a  Recent  Formation. of  SandrStone,  which  occurs  on  seve- 
ral Parts  of  the  Northern  Coasts  of  Cornwall,  By.  John ,  Ayrtoa 
Paris,  M.D.  F.L.S.  &c. 

2.  An  Account  of  tlie  Granite  Veins  at  Porth,  Just«  By  Johu 
Davy,  M.D.  &c. 

3.  Observations  on  the  Gold .  fpund  in  the  Stream  Works  oi^ 
Ladoc.    By  Sir  Christopher  Hawkins,  Bart. 

4.  Contributions  towards  a  Knowledge  of  the  Geological  History^ 
of  Wood  Tin.    By  Ashurst  Majendie,  Esq. 

5  An  Account  of  the  Relistian  Mine,  in  Gwinear.  By  Joseph 
Carne,  Esq. 

6.  A  Sketch  of  the  Geology  of.  the  Peninsula  of  the  Lizard. 
By  A.  Majendie^  Esq. 

7*  Answers  to  Geological  Queries  respecting  Lodes*  By  Mr. 
John  Davey,  Associate. 

8.  Answers  to  Geological  Queries.  By  Mr.  John  Stephens^ 
Associate. 

9.  On  the  Granite  Veins  traversing  Slate  at  Mousehole,  By 
A.  Majendie,  Esq. 

10.  On  the  Geology  of  the  Coast  west  of  Mousehole,  and  on: 
the  Structure  of  the  Scilly  Islands.     By  A.  Majendie,  Esq. 

11.  Additional  Notes  to^  a  Memoir  on  a  recent  Formation  of- 
Sand-stone.    By  John  AjqRl      'Vis*  M.D.  &c. 

12.  Hints  on  tbe.^cd  V  By  Sir  Humphry 
Davy,  Honorary  Meinli^.fL  .   ;' 

IS.  Ad  Account  of  a  1  ^^d  o(  ^  \^5^\.^v^ 


'468  ScietUific  tntelligenci.  (Xhkr. 

Allojr ;  and  of  an  Instrument  termed  the  Shifting  CartridM«  Bj 
Mr.  W.  Chinalls. 

14.  Observations  on  the  Scilly  Islands.    By  Henry  Botee^  Eaq[» 

15.  An  Account  of  Silver  Mines  in  general^  and  of  those  in 
Cornwall  in  particular.    By  Joseph  Came,  Esq, 

16.  On  the  Lime-stone  at  Veryan.    By  Samuel  TrJst^  Esq. . 
17*  An  Account  of  the  Produce  of  the  Copper  Miiies  in  Coras' 

vM,  Devonshire,  Anglesey,  North  Wales,  and  Ireland,  in  Ore, 
Copper,  and  Money,  for  the  Year  ending  the  30th  of  June,  1615, 
and  of  Tin  raised  in  Cornwall,  in  the  Year  ending  with  Midsommer 
Coinage,  1815,    By  Joseph  Carne,  Esq. 

At  the  Anniversary  Meeting,  October  10,  1815,  the  Right 
Honourable  Lord  De  Dunstanville,  &c.  Vice  Patron,  in  the  Chair, 
the  Report  of  the  Council  being  read,  it  Was  resolved,  I'hat  it  bt 
|mnted  and  circulated.— *That  the  Museum  of  the  Society  be  in^ 
vested  in  the  following  Trustees ;  Lord  De  Donstanvilk,  Vice 
Patron^  Lord  Viscount  Falmouth;  Sir  William  Lemon,  Bait.; 
Sir  Rose  Price,  Bart. ;  Davies  Giddy,  Esq.  M.  P.  President. 

Lord  De  Dunstanville  communicated  to  the  Society,  that-Dr. 
Paris  had  been  intnoduced  to  his  Royal  Highne^  the  Priace  Regent, 
the  Patron,  in  order  to  present  him  with  a  Report  of  the  Society, 
and  that  he  had  been  most  graciously  received. 

Thanks  were  voted  to  those  Gentlemen  who  had  contributed  to 
the  cabinet  and  library ;  to  the  authors  of  the  difierent  memoirs 
read  before  the  Society  5  to  Mr.  Chinalls,  and  the  other  mine 
agents,  who  have  exerted  themselves  in  introducing  the  alloyed 
tamping  bar;  to  John  Ayrton  Paris,  M.D.  for  the  seal  and  ability 
with  which  he  has  conducted  the  Society,  and  for  his  Course  of 
Lectures  on  Chemistry  delivered  before  them  last  winter.     > 

Sir  Rose  Price  Bart,  as  the  representative  of  those  Gentlemen 
who  had  attended  the  Lectures,  stated  that  he  rose  for  the  purpose 
of  presenting  Dr.  Paris  with  a  piece  of  plate,  of  50  guineas  value,  a) 
a  small  testimony  of  their  esteem  and  regard. 

It  was  further  resolved,  That  a  medal  with  an  appropriate  device 
be  immediately  struck,  and  presented  to  those  miners  who  had  con- 
tributed practical  information  to  the  Society,  or  who  ind  by  their 
exertions  promoted  its  views. 

VI.  Prmsic  Acid. 

A  most  important  set  of  experiments  on  prussic  acid  has  beoa 
lately  made  by  M.  Gay-Lussac.  I  shall. lay  the  whole  of  them 
before  my  readers  as  soon  as  I  can  find  room  for  their  insertion*  la 
the  mean  time  I  shall  give  a  sketch  of  the  results  which  he  ob- 
'  tained,  by  way  of  notice,  that  I  may  satisfy  the  impatience  of 
British  cfaemistSj  and  enable  them  to  examine  the  csriouB  substances 
which  Gay-Lussac  has  discovered. 

Prussic  acid  may  be  obtained  by  putting  dry  pmasiate  of.  mer- 
cury into  a  tubulated  retort,  pouring  upon  it  muriatic  acid  in  qisaii*- 
tity  tMt  sufficient  to  decompose  i^ea  imc^ft  \ioa»ii^        «W'y*<W  * 
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moderate  heat*  Care  must  be  taken  that  none  of  the  muriatic  acid 
passes  over^  and  a  tube  filled  with  dry  muriate  of  lime  should,  be 
luted  t»  the  beak  ai  the  retort,  in  order  to  absorb  all  the  moisture. 
The  receiver  should  be  surrounded  with  ice, 

Pt-ussic  acid^  thu9  prepared*  is  a  colourless  liquid,  having  t 
strong  odour,  and  a  taste  at  first  cooling,  then  hot,  and  violently 
ppiflonous.  Its  specific  gravity  at  45®  is  0*7058  5  at  64®  it  i»  0*6969. 
It  boib  at  80®,  and  congeals  at  about  6®^  At  that  temperature  U 
cry^talliaes  regularly.  The  cold  which  it  produces  when  converted 
into  vapour,  is  sufficient,  even  in  summer,  to  congeal  it.  The 
specific  gravity  of  its  vapom'  is  0*9360.  This  vapour  was  nuxed 
with  oxygen  gas  at  7^9  ^d<1  detonated  in  a  Volta's  eudiometer* 
100  measures  of  the  gas  consumed  125  measures  of  oxygen;  100 
measures  erf  carbonic  acid  were  formed,  and  there  remained  50 
measures  of  azotic  gas*  100  of  the  oxygen  went  to  the  formation 
of  carbonic  acid,  and  25  to  that  of  water ;  hence  the  hydrogea 
present,  if  in  the  state  of  gas,  would  have  amounted  to  50  men- 
sures.  It  is  evident  from  this  analysis,  that  prussic  acid  is  cciar 
posed  of 

Carbon 1    volume 

Hydrogen 0*5 

Azote ^ « •  0*5 

2*0 

condensed  into  one  voltune.    Or  by  weight  of 

Carbon 44*S9  ........  2  atoma 

Azote »17i    1 

Hydrogen ,.     3*90   , 1 


••n—ii".- 


100*00 

Prussic  acid  cannot  be  kept.  It  is  decomposed  spontaneously, 
and  converted  into  pnissiate  of  ammonia  and  a  black  matter  com-* 
posed  of  carbon  and  aaEote*  Phosphorus  and  iodine  may  be  sub- 
nmed  in  it  without  alteration*  Sulphur  combines  with  it*  Pbtas^ 
aium  put  into  the  vapour  of  prussic  acid  absorbs  it,  while  a  quantity 
of  hydrogen  is  disengaged  equal  to  half  the  volume  at  the  pmssie 
vapour.  The  potassium  is  converted  into  a  yellow  substaneie, 
soluble  in  water,  and  converted  by  this  solution  into  priKsiate  of 
potash.  From  this  result  it  is  obvious,  that  prussic  acid,  like 
muriatic  acid  and  hydriodic  acid,  is  composed  of  a  radicle  com-» 
bined  with  hydrogen.  This  radicle  is  obviously  a  compound  of 
two  atoms  of  carbon  and  one  atom  of  azote.  Ttus  radicle  may  be 
obtained  in  a  separate  ftate.    Like  chlorine  and  iodine  it  unita 

.  with  many  bodies  ;  hence  pmssie  Mtd*  like,  mat iatic  and  hydriodic 
acids,  is  composed  of  equal  voIm  tisle  and  hydrogen  gaa 

united  together,  without  any  Hb/cS^  «lii,.,  CM-ljamc  has 

given  the  name  of  cffcamgem ^to^  Ct^/tbiocjfank 

t  0cid:  It  what  vfubrmaUfcUkti  fi  .,,^  v .      \ 
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GjwnbgW-iaienrilyoMained  by  exposing  what  was  formerly  cbIW 
pnissiale  of  mcrniTy,  but  whicli  Gay-Lussac  has  shown  to  l>e  a. 
*ompOunil  of  oyanogen  and  mercury,  to  the  heat  of  a  Ismp.  The 
Milt  should  be  very  dry.  A  gas  comes  over,  which  must  be  re- 
ceived over  meroury.  It  is  cyanogen  gas.  This  gas  has  a  very 
ttrong  and  peculiar  odour.  Water  dissolves  it,  and  acquires  a  sharp 
lasfe.     It  is  inflammable,  and  bums  with  a  blueish  purple  flafne. 

Its  specific  gravity  is  l''?0G4.  It  may  be  exposed  to  a  very  strong 
liest,  without  decomiiosition.  Water  dissolves  4^  volumes  of  it, 
ateohol  23  volumes,  and  alcohol  and  oil  of  turpentine  at  least  fu 
much  as  water.  It  reddens  infusion  of  litmus,  and  combines  with 
the  salifiable  bases,  and  therefore  possesses  acid  properties.  Phos- 
phorus, sulphur,  aod  iodine,  may  be  volatilized  in  it  without 
change.  Hydrogen  has  no  action  on  it.  Copper  and  gold  do  not 
combine  with  it,  but  iron  partly  decomposes  it  at  a  red  heat.  Potas- 
sium absorbs  just  as  much  of  it  in  bulk  as  it  separates  of  hydrogen 
from  water. 

For  combustion  it  requires  twice  its  bulk  of  onygengas.  It  deto- 
nates with  great  violence,  and  wilh  a  bluish  flame.  100  measores 
of  cyanogen  thus  bum  and  form  SCO  measures  of  carlmnic  acid  gas, 
and  leave  100  measures  of  azote.  Cyanogen  combines  with  several 
of  the  metals.  It  unites  also  with  the  alkalies  and  alkslitie  earths. 
When  these  compounds  are  dissolved  in  water,  the  cyanogen  is  de- 
composed, and  convened  into  carbonic  acid,  ammonia,  and  hydro- 
cyanic acid;  and  whiit  is  curious,  equal  volumes  of  these  three 
substances  are  formed,  supposing  them  all  in  the  gaseous  state. 

Vm.  Cliloro-cyanic  Acid. 
•  Berthollet  observed  long  ago,  that  when  chlorine  was  mixed 
with  hydro-cyanie  acid,  tlie  properties  of  this  letter  acid  were  altered. 
I«  smell  became  much  stronger,  and  it  precipitated  iron,  not  bhie 
as  before ;  but  green.  The  new  substance  thus  ohtuined  was  called 
oxy-prussic  acid,  because  it  was  considered  to  be  a  compound  of 
(Hygcn  and  prussic  acid.  Gay-Lussac  has  ascertained  that  it  is  a 
compound  of  equal  volumes  of  chlorine  and  cyanogen,  and  on 
that  account  has  given  it  the  name  of  ckloro-cyanic  acid. 

To  obtain  it,  be  passed  a  current  of  chlorine  gas  into  hydro-cyanic 
acid,  till  that  acid  acquired  the  property  of  destroying  the  colour  of 
a  solution  of  indigo  in  sulphuric  acid.  By  agitating  the  liquid  with 
mercury  he  got  rid  of  tlie  excess  of  chloririe.  The  liquid  was 
thendistilled.  He  obtained  a  gas  which  was  a  mixture  of  thloro- 
C}-anic  acid  and  carbonic  acid ;  but  chloro-cyanic  acid  is  not  an 
eia&tie  fluid,  but  a  liquid.  He  obtained  it  in  that  state  by  filling 
two  thirds  of  a  glass  jar  with  mercury,  and  the  other  third  with  the 
hydro-cyanic  acid,  saturated  with  chlorine.  This  jar  was  placed 
inverted  over  mercury,  under  the  receiver  of  an  air-pump.  Oil 
■" jtfoducj'Dg  a  vacuum  iVie  meicvifj  aai  \\t^\4  "nwc  dtiven 
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the  jar.  Atmospheric  air  being  again  admitted  into  the  receiver, 
tlie  mercury  entered  into  the  jar,  and  the  elastic  fluid  condensed 
into  a  liquid  on  its  surface.  This,  liquid  was<:hlororcyamc^dr.  It 
possessed  the  following  properties, 

.  It  is  colourless.  Its  smell  is  very  strong,  exciting  tears.  It 
reddens  litmus,  is  not  inflammable,  and  does  not  detonate  when 
Kiixed  with  twice  its  bulk  of  oxygen  or  hydrogen  gas.  The  specific 
gravity  of  its  vapour  is  2*11 1.  Its  solution  in  water  does  not  prc^ 
eip^tate  nitrate  of  silver  nor  barytes  water.  The  alkalies  absorb  it 
completely.  When  an  acid  is  poured  into  this  solution  the  chloro- 
V'yanic  acid  is  decomposed,  and  converted  into  muriatic  acid,  car- 
bonic acid,  and  ammonia.  This  acid  being  composed  of  a  volume 
ef  chlorine  united  to  a  volume  of  cyanogen,  without  {iny  diminution 
fof  bulk,  is  analogous  to  muriatic  acid,  hydriodic  acid,  and  dydro- 
cyanic  acid,  only  the  chlorine  performs  the  part  of  tlie  hydrogea 
which  constitutes  the  acidifying  principle  in  these  last  acids.    . 

IX.  Dr,  Murray^  oj  Edinlur^Ks^  Method  of  preventing  EccplQ" 

sions  m  Coal-Mines  from  Fire-Damp, 

.  At  the. second  meeting  of  the  Royal  Society  of  Edinburgh  for 
the  winter  session,  a  paper  was  read,  by  Dr.  Murray,  on  a  plan  for 
lighting  mines  so  as  to  guard  against  explosions  from  the  kindling  of 
iire*damp*  It  had  been  before  explained  to  several  scientific  Gen- 
tlemen, and  announced  in  the  public  papers ;  and  an  outline  of  it 
had  been  transmitted  to  Newcastle,  where  a  very  favourable  opinion 
had  been  expressed  with  regard  to  it.  The  leading  idea  on  which 
k.is  founded  is,  that  the  inflammable  gas  constituting  fire-damp 
accumulates  in  the  roof  of  the  passages  and  workings  of  the  mine, 
mingling  with  the  atmospheric  air,  and  at  length  forming  a  mixture, 
which  is  exploded  by  coming  in  contact  with  the  candles  or  lamps 
of  the  miners ;  and  that  this  mixture  can  never  accumulate  so  as  to 
fill  the  whole  space,  at  least  while  the  mine  is  worked,  for  the  miner 
would  become  afiected  by  breathing  the  carbureted  hydrogen  gas, 
independent  of  other  appearances  which  would  indicate  its  pre- 
sence. The  simple  means  of  security,  therefore,  against  its  explo- 
sion, is  to  bring  the  air  to  sustain  the  flame  of  the  lamp  or  candle 
from  the  floor  of  the  mine ;  and  this  is  easily  done,  by  burning  the 
lamp  within  a  glass  case,  having  a  small  aperture  at  the  top  lo 
admit  of  the  escape  of  the  heated  air  and  smoke,  of  such  a  size  that 
the  current  shall  always  pass  outwards,  and  thus  prevent  any  of  the 
external  air  from  entering  by  it,  and  having  attached  to  the  under 
part  of  it  a  tube  reaching  to  the  floor  of  the  mine  to  convey  the  air 
to  the  flame.  In  the  fixed  lamps  this  tube  may  be  of  iron  or 
copper;  and  moveable  lamps,  which  the  miner  can  carry  in  the 
hand,  may  be  constructed  with  a  flexible  tube  of  prepared  leather 
varnisiied,  of  such  a  length  as  to  reach  to  the  floor. 

Besides  the  security  given  by  this  «  ^  by  bringing  the  air 

to  support  the  flame  from  the  floor  ojE  [  it  has  other  means 

pf  security :  one  in  particular,  Dr^^AL  ^  vVx^e.  5»x«tWjC>ssss^ 

^pf  tne  air  within  the  case  *,  wheueC)  ^  <:^  NsS^assx^ 
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mable  air  were  to  enter,  there  is  liitle  or  no  probability  that  it  would 
be  itiHamcil.  He  referred  to  the  experiments  of  Grotihuj,  as 
provinj;  ihat  mixtures  of  inflammable  gates  with  atmospheric  air, 
or  even  with  oxygen  gas,  cannot  be  inBamed  if  they  are  in  a  certain 
degree  of  rarefaction :  and  he  quoted  the  observations  of  Dr. 
ThoiDsoQ,  that  the  exploding  power  of  carbureted  hydrogen  is  not 
considerable,  that  a  certain  proportion  of  It  with  atmospheric  air  b 
necessary  to  enable  it  to  inflame,  and  that  no  mixture  of  fire-damp 
with  almosphcric  air  can  be  made  to  explode  out  of  the  mine.  In 
the  small  quantity,  therefore,  in  which  it  must  be  within  the  lamp, 
in  lis  rarefied  state  from  the  heat,  and  with  a  diluted  atmosphere, 
there  is  no  probability  whatever  that  it  would  be  inflamed :  and  by 
prtweriy  adjusting  the  size  of  the  aperture,  this  might  even  be  car- 
ried so  far  that,  instead  of  inflaming,  it  would  weaken  or  extin- 
guish, the  flame  ;  and  still  more,  if  ever  inflammation  or  detima- 
tion  should  take  place  within  the  lamp,  there  would  be  no  chance  of 
this  being  communicated  to  the  air  of  the  mine.  If,  notwithstand-  . 
ing  all  these  means  of  security,  danger  should  be  dreaded  in  any 
particular  situation,  it  might  be  effectually  guarded  against  by  con- 
veying pure  air  from  tlie  bottom  of  the  shaft  through  an  iron  tube, 
which  by  upright  tubes  might  communicate  both  with  the  fixed  and 
moveable  lamiw.  This,  however,  would  probably  be  seldom  ncces- 
lary. 

The  accumulation  of  the  fire-damp,  when  it  occurred,  would  be 
indicHied  by  its  smell,  or  by  its  effect  on  respiration  ;  and  if  it  ever 
proceeded  to  that  e.\tent,  by  Its  effect  in  weakening  the  flame  of  the 
lamp;  and  when  suspected,  could  be  easily  ascertained  by  more 
accurate  trials.  Its  discharge  can  be  eSected  by  opening  a  more 
perfect  ventilation,  or  by  the  application  of  a  steam-engine,  or  an 
ei^usting  machine. 

This  method  Dr.  M.  suggested  might  even  be  applied  withitafety 
CO  as  to  light  ihe  mines  with  great  economy  and  advantage  by  coal 
gas.  The  same  method  admits  also  of  being  used  with  equal  effect 
to  guard  against  choak-damp,  the  other  deleterious  gas  which  occurs 
in  inlnes  and  other  situations.  His  paper  will  be  speedily  published. 


't"  Theamfanrof  the  paper  on  Ihe"  Relation  betncea  the  Speciic  Giafilyof 
eatwus  Biidiei  and  the  Weigh!  of  their  Atoms"  Ihink?  il  prauer  to  stale,  that 
aiany  of  the  ODmbers  in  [he  Fourth  table  in  thai  paper,  whieh  areslaled  (o  be 
glvea  an  the  aatbnrity  of  Berzeliia,  will  be  fonnd  to  diSer  from  tboae  gpien  by 
(hat  chemiit  ia  Ihe  ^nnob,  v.  iii.  |j.  362,  on  account  of  their  having  beeD  tbuadcd 
oa  the  dednciions  of  ulherB,  (jirjncipnllj'  of  Dr.  Thomsoa)  from  tlie  ex|>eri meats 
Of  BeraeliBi,  and  oat  apon  tint  chetaiit's  (inn  dedDciiotiE. 


+  +  t  The  rolloiringiinteby  Dr.  Henry  arrived  loo  late  to  be  inserted  in  that  part 
ofbi*  psper  where  he  ipeoks  of  Mr.  ?4rke9: — 

!'  It  is  but  justice  to  Mr.  P#rke>  to  tlule,  Ihat  1  am  far  from  sncpectiae  htm  of 
(he  inlpnliofialsupprelaitin  irf  any  fart  resperling  Ihe  bislwy  of  Ihe  new  method  of 
hieacbing;  and  ihat  I  believe  hie  Kccounl  la  \>e  a.  ^ei\\A<i,\oT.e,  w  fv  -uhitmeaiM 
»f  iafonaatioii  extended," 
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Article  XIV. 
METEOROLOGICAL   TABLE. 
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REMARKS. 

'  Tenth  Month.— 2b.  Lif^htniBg  to  the  K.  and  W.  last  tvening.  27.  The  wind  chan^ 
toN.  E.  thismorniog:  CumuUuirattUf  with  inosculatioD,  a.^. :  west,  p.m.  28. 
wet,  a.  m.:  fair,  p.  m.:  rain  again  at  uight:  windy.  29.  A  brisk  gale  atN.  E. 
continued  through  the  day  and  night :  a  banli  of  Cumulattratus  was  visible  in  the 
morning  in  the  S.,  from  which  quarter  Cumuli  were  propagated  northwards, 
changing  the  state  of  the  superior  clouds  as  they  advanced  :  some  Cirri  in  long 
lines  above  the  whole  were  not  affected :  a  solar  halo  a'ppearcd  from  one  to  two, 
ff,  m.,  and  the  sky'  was  turbid  beneath  the  sun.  30.  a.  m.  completely  overcast : 
windy,  drizzling  at  intervals.  31.  a.  m.  Cirrostratus  tending  to  CUrficummt^Uff 
beneath  large  Cirri  pointing  N..E.  and  S.  W. ;  fair.  jl 

EUvemih  MtiMK — 1.  Low  CHmuloitraftis  beneath  Cirrottrtduat^  breeze  at  N.  E., 
changing  at  night  to  N.  W.,  without  affecting  the  state  of  the  clouds,  which  were 
dense,  p.m.  2.  Breeze  at  N*  W. :  a.  m.  Barometer  very  steady :  CtmiuUiirMtvn: 
ainch  redness  in  the  twilight.  9.  a.m.  clear,  with  Cirrostratus:.  slight  hoar 
frost:  coloured  sun-set.  4.ja.m*  clear,  with  a  little  Cirrottratws :  ^try  white 
iRiar  frost,  with  ice:  a  fine  days  after  sun-sel,  a  dull  purple  In  th«  B^  with;  ji 
litde. orange  in  tlie  W. :  the  moon  conspicuous,  the  crescent  indifferently  defined^ 
and  pale.  5.  Rain  by  seven,  a.  m.:.  after  which  low  Ciifl^«2fl(«#ra2iif...  6.  a.m.  A 
few  drops,  with  the  winds. :  then  fine.  7.  Cloudy:  raia:  lanar  corona.  8.  Soi^e 
drops,  a.  m.  t  then  much  Cirrostratua:  sun-set,  with  streaks  of  brown  and  purple 
«B  a  yellow  ground:  moon  visible,  but  its  light  peculiarly  dim:  wiad  and  rain 
in  the  night.  9.  Wet  morning:  dripping  day:  lunar  corona:  wii)d. .  10.  Fair, 
with  Cirrostratus,  11.  A  little  rain  at  night :  Cirrostratus,  12.  A  fair  warm  day: 
^various  clouds  passed  over  witl|  a  moderate  wind :  at  eveniag  the  moon  showed  a 
lucid  corona :  to  wiiich  succeeded,  (the  wind  having  risen  and  veered  to  8.)  a 
leontinued  exhibition  of  coloured  halos  varying  la  diameter,  formed  on  low,  rapidly 
passing,  curling  clouds,  with  an  occasional  corona,  of  pale  green  or  yellow 
between:  a  most  temp*estuous  night  fallowed,  with  rain.  13.  Windy:  a  siiower 
p.m.:  the  moon  gold-coloured. .  14,  Clear:  wind  moderate.  15.  Cloudy,  a.nK: 
windy:  a  sensible  odour  of  electricity  in  the  air,  at  one,  p.m.  16.  A  snowy 
morning:  fair,  p.m.  17.  a.  m.  White  frost:  little  of  yesterday's  snow  remain- 
ing:  the  wind  S.  W. ;  a  breeze;  a  little  rain:  p.  m.  a  waggon  from  the  north 
came  thickly  covered  with  snow :  wind  brisk  at  N.  at  flight.  18.  JHoar  fro^t:  tlie 
moon  looks  like  a  map,  so  great  is  the  transparency  of  the  higher  atmosphere. 
19.  Hoar  frost  and  rime  on  the  trees,  bodies  of  thin  mist,  probably  Cirrostratus 
moved  qnickly  over  us  this  morning  from  the  S.  W.  rendering  the  tree  tops  invi- 
»ible  r  a  fine  day :  drrUB  and  Cirrostratua  at  night.  20.  a.  m.  Cumulastratua : 
max.  temp,  at  nine.  21.  a.  m.  Cirrus :  Cirrostratus :  min*  temp,  at  nine. 
82.  Fair,  with  hoar  frost. 

RESVLTS, 

Prevailing  Winds  Northerly,  interrupted  by  a  Southerly  current,  which  greatly 
depressed  the  barometer,,  soon  after  the  middle  of  the  period,  and  was  followed 
by  a  sharp  frost. 

Barometer :  Greatett  height 30*35  inches  ; 

Least t 28*95  inches; 

"     Mean  of  thie  period 29*783  inches^ 

Thermometer:  Greatest  height ., .57«> 

Least , 18* 

Mean  of  the  period 41*75* 

Mean  of  the  hygrometer,  76*5<'.    Rain,  V97  inch. 


."/ 


^ 


'  ToTTfiKBAir^  Eleventh  Months  23, 1815.  L.  HOWARD^ 


••■<  Vv-        .  » i         .»' 


* 


/• 


INDEX 


>• 


11 


AACHEN  mass  of  native  iron,  re- 
••  coTery  of,  5S. 
A-Ccum,  Mr.  F.  on  the  method  of  illu- 

-mfnatlng  the  streets  with  coal  gas, 

16. 
Acharius,  Dr,  on  two  new  genera  of 

lichens,  455. 
Acidity  and  Alkalinity,  on,  187. 
Adhesive  slate,  absorption  of  gases  by, 

950. 
Africa,  voyage  of  discovery  to,  392. 
Agaric,  mineral,  absorption  of  gases 

by,  «5I. 
Ailsa,  craig  of,  structure  of,  61. 
Air,  resistance  of,  to  differently*  shaped 

bodies,  277. 
Alcyonia,  fossil,  some  new  varieties 

of,  69. 
Amalgam  of  mercury  and  hydrogen, 

9S4. 
Animal  concretion,  897. 
Apothecaries,  regulations  for  the  eza« 
'  mination  of,  S87. 
Arragonite,  crystals  of,  835. 
Asbestus,    ligniform,     absorption    of 

gases  by,  250. 
Assynt,  limestone  formations  at,  de- 
'    scribed,  60. 

Astronomical  observations,  51,  293. 
■  circles,  improved  method 

«f  dividing,  130. 
Atiiens,  climate  of,  Tl^^chool  of,  77* 
Atkinson,  Mr.  observations  by,  on  Mr. 

Locichart's    imaginary  >  cube    roots, 

72,  309. 
Atlantic,  north,  temperature  of,  396. 
Anguste  de  St.  Hilaire,  M.  botanical 
•  observations  by,  223. 
Azotic  gas,  specific  gravity -of,  321  • 


B. 


Babbage,  C.  Esq.  on  the  calculation  of 
functions,  68. 

Baicewell,  Mr.  account  of  a  coal-field 
near  Manch^ter,  by,  56. 

Beaufoy,  Col.  astronomical  and  mag- 
netical  observations,  by,  51,  133, 
218, 293, 379— description,  by,  of  an 
instrwneot  to  measure  and  register 
tl^e  rise  and  fall  of  the  tide  through 
out  the  whole  flow  and  ebb,  27#. 

1 


■  .>•!     ■ 


i  . 


I    .. 


Beaufoy,  Henry,  Esq.  instmmeiit,  b||^ 
to  ensure  the  attention  of  watchmev^ 
418. 

Beauvois,    M.    de,     observations 
plants,  by,  148. 

Bended  tabular  rents,  junction  o£^  4Se 

Bennett,  Hon.  Henry  Grey,  account  «f 
Teneriffe,  by,  57.  \ 

BenzenMrg,  Or.  on  the  recovery  of  tte 
Aachen  mass  of  native  iron,  53. 

Beroeaux,  M.  T|iiebaud  de,  botanscsi 
observations,  by,  225. 

Berzelins,  Professor,  letter  from,  te 
Professor  Gilbert,  47  — *  objectioM^ 
by,  to  Davy's  theory  of  chloriacv 
211. 

Blackfriars  bridge,  numbers  that  .pas 
it  In  a  day,  71. 

Blumenbach'a    arrangement     of    Ifaa 

-  human  species    151. 

Boracic  acid,  native,  71. 

Bossut,  Charles,  biographical  accoiwt 
of,  401. 

Brain,  on  the  functions  of,  136. 

Brewster,  Dr.  on  the  multiplication  sif 
images  and  colours  which  accorapaair 
them  in  some  specioiens  of  Icelaai 
spar,  68— on  the  new  properties  •£ 
light  exhibited  in  the  optical  plieii9- 
meaa  of  mother-of-pearl,  and  otbsr 
bodies  to  which  the  superficial  stnw- 
ture  of  that  sobstance  can  be.cooi- 
municated,  135— on  the  effect  of 
heated  and  cooled  gla<^s  on  light, 
136,  219— on  the  depolarization  of 
light,  220 — on  pressure,  221 — on  ihe 
polarization  of  light  by  refleAida 
from  different  transparent  boAies, 
222.  4 

Brotero,  Don  Felix,  on  the  genoi 
passlflora,  455. 

Bucholz,  Professor,  experiments  oa 
tungsten,  by,  198. 


C. 


Cambridge,    obiects  of  study  at  that 
Uafti  M. 

T   and  important 
28J.       ..    ^ 
Caaari  1 396. 

Carfet.  ^V^ 


476 


Index. 


Carho-salpliaret  of  mercery,  $S7, 
Carbureted  hydrogen  gas  in  coal-mines, 

orifrln  of,  172 — wh}'  not  kindled  by 

spnrkji,  ^36. 
Carlisle,  Anthony,  Esq.   on  the  con* 

sexion   between  the  extra-vascular 

and  Tascular  parts  of  animals,  68, 

174. 
Chalcedony,  on  vegetable  remains  in, 

65. 
Charcoal,  absorption  of  gas  by,  242. 
Oiildreo,  J.  GL'  £*q.  on  the  cflfects  of  a 

^ery  larg^e  galvaaic  battery,  68. 
Chloric  acid,  128. 
CMorine,  mbflMratioBs  oo,  124— ob}cG« 

tioos  to  Davy's  theory  of,  21 1; 
CUnro-cyanic  acid,  470. 
Cbristiion,  Professor,  on  flaxioni,  178, 

420. 
Cindmoa,  gpechncBs  of,  45d.' 
Clanny,  l>r.  Retd,  account  of  the  Son- 

derlaMl  lime  formation,  by,  115w 
Clift,  Mr.  William,  on  the  inaaencc  of 
'  the  spinat  marrow  oa  the  actios  of 

fiH>  b)eart  of  ttshet ,  222. 
Cloporto,  respiratory  organs  of,  227. 
Clovelly^   North    Devon,   account  of^ 

Coal-6eld    at    Bradford,    atar  Man- 
-  «hpsler,  described,  56. 
Coal  gas,  method  of  illuDioatiag  the 

streets  by,  17. 
Cbal-mioes,  on,  108-«-qoerieft  respect- 
ing the  ventilation' of,  416. 
Cblours  Used  io  paialing  by  th«  an- 
.  cientt,  222. 

Coaybeare,  Rev.  William,  oa  the 
•  •figta  of  a  remarkable  class  of 
'   organic   imprcMions    ocearring    in 

aoduies  in  flint,  59— «oconnt  of  Clo- 

^eliy,  by,  64.. 
0»fiiwall,*Rojral  Geolagkal  Society  df, 

466. 
Cdxe,  Dr.  John  Redman,  observations 
'    oa  crystallisation,  by,  iOl. 
Ci^Btallizatlon,  abservatioiit  on,  101. 
Crystals,  antiquity  of  tbe  theory  of, 

463.     - 
Ctabo»  roofs  of  binomials,  extractiaa  of, 

152 — farther    observations  on    Mr. 

Lockhart's  extraction  of,  309. 
Covier  on  the  months  of  ishes,  228. 
f)yaD0gca  gai,  properties  of,  41<^ 

D. 

patton^s  theory  of  chemical  compost- 
'  tion,  observations  on,  371. 
|)li^Iiel,  Mr.  on  solution,  454. 
XMvy*  Sir  Hnmphry,  on  iodine,  135^ 
..  en  the  combuslino  of  the  diamead, 
"  13^oH  the  colours  used  by  the  an- 
rients,  222— hlff  mHbod  of  prerrniU 


Davy,  Dr.  John,  on  animal  heaf,  146. 
Depolarization   of  light,    experiments 

on,  220. 
Desvaux,    observations,    by.    on   the 

Alg»>  149. 
Devar,  island  of,  structure  of,  61. 
Diamond,     combustion      of,      139 --> 

largest,  391. 
Dick,  Thomas  Lauder,  Esq.  on  a  toad 

found  in  the  trunk  of  a  beech,  11. 
Distillation,  double,  by  the  same  heat, 

Donovan,   Mr.    oa  a  aeir  Tegctiftlc 

acid,  66L  ^ 

Dorsal  vessel. ia  iaseeti,  on  theaaiftof. 

34., 
Draught  of  carriages,  experimeflti  te» 

106.  ,^ 

Drig  in  Ciimberland,  oa  the  vitrcaaf 

tubes  found  aear,  65. 
Dunblane,  mineral  water  of,  analyzed, 

256. 
Dtttrocbct,  M.  on  the  envelopes  ef  the 

foetus,  226. 


£. 


Sdgeworth,  R.  U  Esq.  experiiaeaiftby, 
on  the  draught  of  carriaget,  '1(M^^ 
correction  of  an  error  in  thcac  expo^. 
riments,  by,  314. 

Ewart,  Peter,  Esq.  an  tiie  Daltatriaa 
theory,  371. 

Explosion  at  the  Succeit  coal-pit,  aear 

^    Newcastle,  55-<»aBotbery  ife. 


.  t- 


Fatty  bodies,  nature  of,  156. 

Fig,  varieties  of,  294. 

Flax,   new    mode   of  maoufactiallitf, 

230. 
Fleming,  Rev.  Dr.  aa  tbci  ailarraltey 

of  the  Red  Heacfc,  142L 
Floetz   strata   of  England,   al4«r,  re- 

aiarks  on,  20. 
Fhio-arseoiale  of  liinr,  Ifil. 
Fluxions,  observatians  av,  178,  4iO>»- 

queries  respecting,  394---aaswetstay 

464. 
Foetus,  on  the  envelopes  of,  226. 
Fossil    remains   of  an     animal    most 

nearly  allied  to  fishes,  139. 
Fox,  JaaMB,  juoL  Eiq.  register  of  Hkt 

weather  in  PlymoutJi  far  hb  aiaatfa^ 
*    by,  366. 
Fucus  vesicoloens,  396w 


OadoHoite,  151. 

Gaiaia  tubliaiedl  dariag  tbrbannai  of 


fiuiear. 


m 


tStAmmc  bftttery,  Tcry  Ur|;e,   effectt' 

.  of,  68— <elefflentary,  described,  209. 
■  experiment,  new,  234* 

iGMes,    absorption    of,    by    different 

'  bodies,  241— by  liquids,,  338. 

Oay-Luisac,  obiemttions,  by,  on  chlo- 
rine, 124. 

Gehlen,  A.  F.  death  of,  392. 

Geologic2Ll   Society,   Transactions    of, 
56-lnieetin^  of,  140, 

Glasf,  heated,  effects  of,  on  lisla,  136. 

Gough,  Mr.  John,  on  the  collision  of 
hard  bodies,  414. 

Great     Britain,      rapid     intercoorse 
diroiigfa,312. 

Groombridge,  Stephen,  Esq.  on  atmoi- 
pherical  refraction,  135. 

Gaglielmint  seems  to  have  had  tome  no- 
tion of  tkt  structure  of  crystals,  463. 

Gum-arabie,  analysis  of,  431. 


H. 


Hard  l>odies,  on  the  collision  of,  414. 

Heart,  action  of,  experiments  to  de- 
termine on  what  it  depends,  221. 

Heat,  animal,  some  experiments  on, 
140.    ^ 

Hemp,  new  mode  of  manafkcturing, 
230. 

Henry,  Dr.  confirms  Mr.  Rose's  disco- 
very that  urea  is  wanting  iu  urine  in 
hepatitis,  392 — 6n  bleaching  by  oxy- 
muriatic  acid,  421. 

■  Mr.  Thomas,  bis  experiments 

on  bleaching  with  oxy muriatic  acid, 
422. 

Herscbell,  Dr.  on  the  satellites  of  the 
Georgium  Sid  us,  68. 

Hey,  Dr.  Richard,  on  some  properties 
of  tangents  to  circles,  &c.  135. 

Home,  Sir  Everard,  on  the  respiration 
of  certain  vermes  that  live  in  water, 
.  69— -on  tne  mode  of  generation  of  the 
lampr6e  and  mixine,  68— on  the 
functions  of  the  brain,  136 — on  the 
fossil  remains  of  an  animal  allied  to 
Ashes,  139— on  the  influence  of  the 
Berves  on  the  action  of  the  arteries, 
139. 

Horner,  W.  G.  Esq.  on  new  and  im- 
portant combinations  with  the  ca- 
mera locid^  281. 

Hoel  Peever,  account  of,  141. 

Hydro-cyanic  acid,  469. 

Hydrogen  gas,  specific  gravity  of,  322. 

Hydrophaoe,  absorption  of  gases  hy^ 
251. 


I. 


Jameson,  Professor,  OB  the  M*. 
sand-stoae  farmatlon,  IS— «•, 
places  where  tmU  depteali^i. 


been  found,  142 — on  the  lodtirateA 
talc  of  the  Zedands,  142. 
4celand,  weather  in,  during  1814,  395. 

Indigogen,  75, 

Institute,  laboun  of,  146, 22^,  387,438^ 

Instrument  for  peforming  mechanically 
the  involution  and  evolution  of 
numbers,  220 — for  registering  the 
rise  and  fall  of  the  tide,  273— ffc  • 
ensur'^ng  the  attention  of  watchmciL 
418.  ^ 

Iodine,  experiments  and  observatioai 
on,  136— discovery  of,  183 — test  of- 
312. 

Johnson,  Mr.  on  fossil  remains  fo«j|4^ 
at  Lynn,  455. 

Jonillo,  volcano  of,  146. 

Iridium,  memoir  on,  433. 

Iron,  native,  new  mass  of,  discoTered. 
151. 
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Kater,  Capt.  Henry,  on  an  improved 
method  of  dividing  astronomical 
circlet,  136. 

Kid,  Dr.  on  the  production  of  salt* 
pdtre^  ISi. 

L. 

Labradorc,  notices  relatire  fe  the 
geology  of,  63. 

Lamour^mx,  M.  on  the  algae,  149. 

Latreille,  M.  on  tho  respiratory  orgaft 
of  the  cloports,  227. 

Linnaean  Society,  meetings  of,  70,  419^ 

Lockart,  Mr.  imaginary  cube  roots  of, 
observations  on,  72— on  the  exti»c-     ' 
tion  of  the  cabe  roots  of  biaomialc 
162.  -— -V 

London  bridge,  nambars  that  ^bu  over 
it  in  a  day,  71. 

Longmire,  Mr.  John  B.  on  rents,  41^ 
213,  411— ^n  the  origin  of  carbtt* 
retc4    hydrogen   gas  ia  fftal  miagi 
172.  — -• 

Lominoos  appearance  in  the  heMUKtm 
393. 

M. 

Macculloch,  Dr.  oii  the  junction  of 
trap  and  sand-stone  at  Stirling  Castle, 
57  —  miscellaneous  geological  re- 
marks, by,  59— on  quartz  rock,  63 
—on  staffa,  64— on  vegetable  c^maiM 
preserved  in  chalcedony,  65— on  th« 
T«ae  of  Sky,  140. 

Hical  observations,  51. 133.  SIS» 

'"oth  of,   discpveni'  i» 


jlarcel  Ac  Sarie^  H.  on  the  smsf  Ihe 

dorial  tenel  in  intccu,  34, 
VccrachBDiD,  abMrptiau  of  gMci  bj, 

S4S. 

S clear,  account  of,  465. 
MeorologicBl  table, 79,  199,899,318, 
3»,  4?3. 
Woes   of  Cornwall  and  Deion,  eco- 

noniy  of,  56.  X5S. 

Monlagoe,  George,  Eiq.  death  of,  IT,         PIjidoqIIi,  neattaei 
Holbcr.or.pearl,  optical  pbcDOD 


Philip,  Dr.  A.  P.  WiltoD,   eiprri. 

■BfOtt,  In,  la  dclermine  ao  » liat  Uie 
aclioD  of  the  heart  dcprnda,  2SI. 

Philipi,  Mr.  William,  descripiiun  cf 
the  cryilali  nf  oiide  of  tin,  hy   59. 

Ptailoioptalcal  Transaciion;   f.ii'  lB1,jL 


!S5. 

Uoniitaiiui,  fermatloa  of,  eiptalDcd, 
411. 

■onlhs  af  fisfan,  SSS. 

Hojie,  Ur.  od  nWet,  505. 

Mutraj,  Dr.  John,  analyiii,  by,  of 
the  mineral  fratera  of  Uiinblane  nod 
^calOiy,  SS6.  34T— hit  nethod  of 
prcTCBtinc  ciploiioOB  in  coal-mines. 


Nanlical  Almanac  for  1815,  defects  of, 

Netrei,  inSuence  of,  on  the  action  of 

theartM-i«,  1S9. 
Kew  cnrre,  154. 
Hickel-antimaDeTZ,  154. 

NoBCDclatarc,  cbemieal,  on,  232, 


Ollre,  prnposal  to 
Nencagtle  to  rq^i 
rcapecliiiS  the  colli 

Oreanlc'impreiaioiu  < 
58. 

— —  labBlancet,  o 


It  explained, 
analyiii  «f. 


Ofinjnm,  oiMiotr  on,  433. 
Orlhoceratile  in  ourbie,  15!; 
OBKel,  water,  or  dipper,  nets  tp«cie* 

of,  149. 
Oiide   of  tin,  crvElals  of,  deacribed, 

69. 
Oxjgeil  fni^  tpeciflc  gravity  nf,  3S1. 
Oxymuriatic  acid,  bleaching  by,  on  the 

biitor;  of,  498. 


Pnlarice,  Mcoonl  of,  Hfc     ''       '"   ' 
PoUrJmioB  of  light  b;  rcflettli>)i  ft^ni 
tranipaicnt  bodies,  S8E. '.  ,  . 

PotaMtum,  ewler  mode  of  obtfLintnc, 

Prewure,  eBecti  of,  in  prodDcEug  llq^ 
■pedei  of  cryitaltization'  whici^ 
form*  two  oppoaltely  polarized: 
imafiO,  S81. 

Ptevost,  M.  on  the'  eqailibrtnin  o^ 
radlnnt  beat,  3T9. 

Fricbard,  Dr.  J.  C.  on  the  older  floetz 
strata  of  Hi^laod,  SO  —  geological." 
obserTBtions  on  Sorih  Wai«,  by, 
!»S.  ' 

PmnI,  Dr.  onthe  analyiit  of  organic 
■ubstances,  S69: 

Frnssic  acid,  nalnre  of,  468. 


Parmentier,  H.  biographical  acconnt 
of,  161. 

Parry,  Dr.  on  the  cause  of  the  pulsa- 
tion of  the  BHeriei,  6S. 

Patents,  lis!  of,  158,  237,  316,  S97,  - " 

Pclit-Thonan,  H.  du,  obieitatioiw, 
hjr,  onpmnU,  149. 


Quarlz  rock,  on,  03. 


Radiant  heal,  an  the  eqntlibiiani  of, 

379. 
Itadiatrii,  154. 
Red  head,  minetalo^  of,  142. 
~   '  formation,  described. 


Refraction,     almnspherical,     obsens- 

lionsoo,  1S5. 
Relation  between  tlie  spcciGe  gravity 

of  bodies  in  their  gaseous  stale  mid 

tbe  weight  of  iheir  atoms,  32. 
Rents,  ejsay  on,  4S,  US',  411. 
Rogel,   Dr.  on  a  new  instruiaenl  for 

perforTOing  meclianirally  tlie  inyotu- 

tionand  eiolulion  nf  hurobeiii,  38t).. 
ftome,  and«il,  number  of  intiabiuafjl 

In,  75.  - 

%iBa,  iriahd  of,'stnielnreof,  ffO.  '     * 
Koyal  Geological  Society  of  Cornwall, 

466. 
9 Medical  Society  of  Edinbui^h, 

prize  by,  for  1816,  70. 

— Snciely,  meeliDgs  of,  66,  453. 

Rom,  Ultud  of,  itracture  of,  GO, 
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ftiale  of  mtneralBy  74. 

Saliva,  ^7.  ; 

Saltpetre,  on  the  prodoctioo  of,  136. 

Sat^Iites  of  the  GeorKium  8idos,  68. 

flaotoure,  Theodore  de,  on  the  ahsorp* 
tioh  of  the  {;ase8  by  diiTerent  bodies, 
241—00  the  conversion  of  starch  into 
sugar,  424. 

Scoresby,  Mr.  on  polar  ice,  and  the 
practicability  of  going  to  the  north 
pole,  14^ — on  the  woaps,  and  the 
size  of  the  whale,  313. 

Seppings,  Mr.  his  method  of  cooBtmct- 
ing  ships  of  war,  134. 

Septaria,  on  the  formation  of,  408. 

Ships  of  war,  new  construction  of,  134. 

Silk,  raw,  absorption  of  gases  by,  S53. 

Skeleton  from  cEniugen  shown  to  be 
that  of  a  salamander,  146u 

Sky,  isle  of,  geological  account  of, 
140. 

Solution,  observations  on,  454. 

Sorbic  acid,  account  of,  66, 

Spinal  marrow,  experiments  to  deter- 
mine its  action  on  the  hearts  of  fishes, 
222. 

Spring  carriages,  on,  314. 

Staffa,  account  of,  64. 

Starch,  on  the  conversion  of,  into 
sugar,  424 — analysis  of,  427. 

Steam  engine,  explosion  of,  236— 
queries  respecting,  465. 

Steinheilite,  150. 

Storer,  Dr.  John,  on  an  ebbing  and 
flowing  well,  221. 

Stratification,  on,  216.' 

Stream,  on  an  ebbing  and  flowing,  221. 

Sugar  of  grapes,  analysis  of,  428. 

■  ■■       from  starch,  analysis  of,  427. 

Sulphate  of  lime,  absorption  of  gases 
by,  251. 

Sunderland  limie*8ti|iie  formation  de- 
scribed, 115, 


T. 


Table  mountain  at  the  Cape  of  Good 

Hope,  structure  of,  315. 
Talc,  indurated,  of  theZetlands,  142. 
Taylor,  Mr.  John,  on  the  economy  of 

the  mines  of  Cornwall  and  Devon,  - 

58. 
Tenerifie,  geological  account  of,  57. 
T^nnant,  Smithson,  Esq.  biographical^ 

kcconnt  of,  1,  81 — on  an  easier  mode 

of  obtaining  potassium,  139— -on  the  » 


means  of  prodneing  %  double  disti& 
lation  with  the  same  heat,  140. 

Themoineter,  on,  231. 

Toad  found  in  the  trunk  of  a  beech,  11^ 

Trap  and  sand-stone,  junction  of,  at 
Stirling  CasUe,  57. 

Tungsten,  experiments  on,  193L 
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Valves,  queries  respecting,  305. 
Vascular  and  extra-vascular  parts  o# 

animals,  on  the  connection  between. 

174. 
Vaaquelin,   M.   accident    which  bap^ 

pened  to,  157 — ^memoir,  by,  on  IrU 

dium  and  osmium,  392. 
Urea  wanting  in  urine  during  hepatitis. 

392. 

W. 

Wainewright,  Rev.  Latham,  on  tfao 
literary  and  scientific  pursuits  at 
Cambridge,  294.  •• 

Wales,  north,  geological  observatioiit 
on,  363. 

Tfalker,  Mr.  Alex,  on  the  intellectual 
functions  of  man  and  animals,  26, 
118 -^attempt  of,  to  systenlatize 
anatomy,  physiology,  and  patho* 
logy,  283. 

Water,  resistance  of,  278. 

Webster,  Mr.  Thomas,  on  some  neir 
varieties  of  fossil  alcyonia,  59. 

Wells,  Dr.  answer  to  Prevost,  by,  rfr, 
spectiag  dew,  432. 

Werner's  collection  of  minerals,  78. 

Wernerian  Society,  meetings  of,  142« 

Whale,  size  of,  74, 313. 

Wilkinson,  Dr.  C.  on  septaria,  408. 

Williams,  J.  Esq.  on  Huel  Peever,  141. 

Wind,  force  and  velocity  of,  277. 

Woaps,  description  of,  313. 

WoUaston,  Dr.  W.  Hyde,  descriptioa 
of  an  elementary  galvanic  batterv. 
by,  209. 

Woods,  absorption  of  gases  by,'  252, 

Wool,  absorption  of  gases  by,  252. 
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Tttro-cerite,  150. 

Yule,    Dr.    on    the  germioation  and 
economy  of  ferns,  142. 
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ERRATUM  IN  VOL.  V. 
P.  S9t,  line  1,  for  or  Changeltcfl,  read  Arclia&gelica. 


BRRATA  IN  VOL.  VI. 

P.  78,  line  6  fhnn  bottom,  fivr  eif;iith,  rtai,  ninth. 
P.  276,  f6T  NoldeoA,  rtwi  Holdcn. 
P.  277,  fourth  column,  line  16,  fw  8*295,  rtoA  8*225. 
P.  277,  fifth  column,  line  10,  for  2*268,  read  2-3«8. 
P.  277,  tilth  colvDB,  line  16,  ^  5*988,  read  5*980. 
P.  277,  serenth  colmnn,  line  7,  /or  1*490,  rtoA  1*500. 
P.  277,  seventh  column,  line  8,  for  2*070,  rtad  2'079. 
P.  278,  seventh  column,  line  16,  /or  1*486,  read  1*480. 
P.  278,  for  430,  reU  460. 

P.  280,  for  setting  more  or  leM  pn  the  same  tack,  rtad  setting  more  or  less  sail  ob 
the  same  tack. 
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